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Introduction 


This is the third book in the series. It features a power supply suitable for 
all types of applications and will be a valuable addition to your workshop. 

Each project in this series has been introduced in a pre determined order. 
It arrives just when you need it. 

And this applies to the power supply. 


We are presenting more and more projects in our main publication 
TALKING ELECTRONICS and this will be putting a heavy load on the 
power supply situation. Especially if you are buying batteries. Dry cells or 
m-cads are fine if you require complete portability but if the project is 
bench mounted and operated for long periods, it will be costing you a 
fortune in batteries. 


If this is the case, you will be very pleased with our curent project. It not 
only gives you a choice of output voltages from Ov to 30v, but also has a 
negative rail which can be adjusted from -8v to -12v. And this is ideally 
suited for powering op-amps or any chips requiring a positive and 
negative rail. 

If you are not yet working with op-amps and the like, you will be soon. We 
are working towards including them in feature articles and you will be 
most impressed with their applications in small signal circuits; once you 
learn about how they operate. This will come in the near furure and so the 
power supply may not be fully utilized at this stage. 

But don't worry. 

The main intention of this project book is to teach through construction. 
The information you will gain through actual construction will outweigh 
100 pages of reading. Nothing is more rewarding than producing your 
own projects, especially test equipment. And this is the area we have 
concentrated upon. This series of books revolves around test equipment 
which can be constructed for a fraction the cost of rival designs. To prove 
it we have put together a dual power supply for less than half the nearest 
rival. We have supplied all the circuitry and information for the electronics 
side of the project and left some of the mounting and cabinet work up to 


Everyone will have different tastes in cabinet design. Some will like a 
wooden cabinet while others will bend up a fully aluminium design. To be 
quite honest, we could not find a suitable case at a reasonable price. This 
area of hardware is severely lacking in good designs and maybe someone 
someday will fill the gap. Until then I think a home-made case is equal to 
any available. 









The second part of the book is a hand-written section on designing power 
supplies. It is not only a back-up feature but also a complimentary feature 
and will be an invaluable guide to producing a power supply to your own 
requirements. 

It will also help you understand the operation of power supplies in general 
and promote a deeper regard for one of the hardest working sections of 
any large piece of equipment. 

The presentation of these notes has been carefully designed to avoid any 
complex equations or physical quantities. Too often, the introduction of 
complex mathematical equations will send you running for text books and 
frustrates the situation more than instructs. 

A simple form of instruction can leave a lot to be desired as it can leave out 
so many important facts. I hope this is not so with the notes. Once you 
read them and understand what is being presented, you can investigate 
more advanced text books. 

Our main aim is to introduce and instruct at a beginning level. In this 
respect I think we have succeeded. The hand-written notes have already 
received a great deal of praise and comment. They are a very fast way to 
gain a factual understanding of a subject. They provide the key facts in a 
nutshell and you are quite at liberty to add your own comments to the 
sheets. These notes were originally presented in TALKING 
ELECTRONICS and have been compiled together to achieve continuity. 

Before closing, let me add that I make mistakes just like everyone else. If 
you find a slip or mistake let me know. We will give you full credit for your 
astuteness, just like the two readers whose names appear in the power 
supply section. They found a couple of mistakes in the text and these 
have now been corrected. 

I hope you find the notes beneficial and see your way to building the power 
supply project. 

The best of luck with construction and don't short the outputs together, 
(you will see why in the text). 

Colin Mitchell. 

February 1983. 








DUAL 

TRACKING 


POWER 

SUPPLY 


A power supply is a very nice piece of 
equipment to have on the bench. 

It produces a steady, reliable voltage with very 
low ripple and can take the place of myriads of 
dry cells or ni-cad batteries. It comes to its own 
when a heavy current is required for an 
extended period of time. In fact it has all the 
advantages of an accumulator supply without 
the hassles. 

Power supply projects have been around for a 
long time but most of them had a number of 
short-comings. They were either too expensive 
to build or provided only some of the features 
required for modern experiments. 

Our project fills the bill exactly. It provides all 
the necessary voltages for TTL and CMOS and 
incorporates the very important feature of 
having a positive and negative voltage of equal 
amplitude for op-amp investigation. 

This has all been designed to fit on a simple PC 
board with only the minimum of wires to the 
front panel and power transformer. 


One clever feature has been incorporated in the 
design to allow the positive voltage to reduce 
to reduce to zero when using a 5v regulator. 
This will be discussed in HOW THE CIRCUIT 
WORKS. The negative voltage does not track 
below -8v because the minimum operating 
voltage for most of the op-amps we will be 
discussing is ±9v and there is no advantage in 
the negative rail going below -9v. 

The circuit has been specially designed to look 
simple and use readily available components. 
This makes the project very economical and 
possibly the only parts which will be new to you 
will be the 0 - 30v transformer and the 7905 
regulator. The transformer can be duplicated in 
a number of ways but the 7905 is a negative 5v 
regulator and cannot be substituted with a 
positive type. In fact the lead-outs are different 
for positive and negative types so they cannot 
be inadvertently interchanged. 

Let me not kid you. A dual supply has only very 
limited application. But when a split supply is 
needed, this one will be greatly appreciated. 
The most common need for a dual supply is 
when an op-amp circuit is being developed. 
They require a positive and negative rail in the 
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j PARTS LIST} 


H COMPONENTS FOR THE PC BOARD h 

1 - 220R % watt 

2 - 680R 


1 - 4k7 
4 - 10k 

1 - 5mm Red LED 
1 - 5mm Green LED 

1 - lOOpf ceramic 

2 - lOOn ceramic 

2 - lOmfd electrolytic 25v PC mount 

3 - 470mfd electrolytic 25v PC mount 
2 - 2200mfd electrolytic 25v PC mount 

1 - 500R linear pot. 

1 - 10k mini trim pot (can be Ik. 2k or 5k) 

10 - 1N4002 diodes 
1 - 7805 regulator 
1 - 7905 regulator 

1 - BC 547 transistor 

2 - BC 557 transistors 

2 - heat fins for regulators 
2 - sets of nuts and bolts for heat fins 
2 - sets of nuts and bolts for heat-sink 

coloured hook up flex. 10 colours @ 20cm. 
length of fine solder 
small amount of thermal compound 


I ADDITIONAL PARTS] 


Transformer type 6672 or similar or 2 - 2155's 
1 - knob for 500R pot 
1 - SPDT power switch 
1 - terminal strip for mains lead 
3m - power cord (3-core) 

1 - 3-pin plug (plug top) 

1 - cord clamp 
nuts and bolts as needed 
3 - binding post terminals (1 red, 1 green 
1 white) 

3 - output leads (multistrand wire) 

3 - coloured alligator clips to suit 


HARDWARE ITEMS: 

Parts for the cabinet include sheet aluminium, 
plyboard or particle board, nails, glue, screws, 
nuts, bolts rubber feet etc. 

This will be a good fabrication exercise and 
don't forget to add holes or slots for the release 
of heat. 
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region ±10 to ±75v.Most op-amps will not 
work successfully on less than 9v and few can 
withstand voltages higher than ±18v. 

To achieve a stable positive supply is quite an 
easy matter but a negative voltage is more 
difficult to obtain. You could use a set of 
batteries, another supply connected in reverse 
or build a miniature supply especially for the 
occassion. All this would tend to deter you from 
experimenting but now you don't have an 
excuse. 

With this project you have the facility of 
producing both a positive and negative voltage 
and later in the TE programme we will be 
presenting projects with op-amp chips and 
other circuits requiring a split supply. 

But don't let these forward applications deter 
you from building the supply now. It's con¬ 
struction is so economical that all its features 
will cost less than a normal single output 
arrangement. 

We have used a very simple circuit and our first 
prototype operated first go without any need 
for modification. 

The trim pot needed only a slight adjustment to 
equalize the output voltages and the supply 
was loaded to full current for a load test. 
Everything worked fine. 

The main limitation with the supply is the 
power transformer. A 6672 is rated at 30v @ 1 
amp and this means the output is equivalent to 
a 30v battery capable of supplying 1 amp for an 
extended period of time. 

We found this transformer had a slightly lower 
rating but was adequate for the job. It has been 
chosen because it is cheap and can be used in 
three different modes to create 3 different 
output arrangements. 

These are the three modes: 


© 


The 15v - 0 - 15v mode. This 
produces 0 - 15v output and 
-8v to -15v output. 


© 


The 0 - 30v mode. This produces 
5v to 30v output. No negative 
output is available. 


® The 30v - 25v - Ov mode. This 
produces 0 - 22v output. No 
negative output is available. 


Project cost will range from: 

$40 • $60 

depending on the type of 
cabinet used. Or as low as: 
$25 

if only the basic kit is built. 


THE RATINGS 

Positive supply: 

0 to 15v at 1 amp. 

Negative supply: 

8 to 15v at 1 amp. 


L_ 


But: 

When the positive supply is delivering 15vat 1 
amp. the negative supply should only be 
delivering about 500mA. This is the limitation 
of the 6672 transformer. Other output 
arrangements are possible and are covered 
fully in the notes. 


0 - 30v MODE: 


Using the Ov and 30v leads will produce a 
power supply capable of delivering 5 to 30v. 
The current rating will be: 

5v to 15v (approx) - 500 milliamps 
20v(approx) to 30v - 1 amp. 

The reason for the low current rating at the 5v 
end of the range is due to the 25v drop across 
the regulator. This will produce a power loss of 
25 watts if one amp is required and this is in 
excess of the capability of the regulator. It will 
tend to shut down or fold-back when anything 
greater than 20 watts is being dissipated. 

Note: This arangement is not suggested if 5v @ 
1 amp is required. 


15v - 0 -15v MODE: 

This arrangement provides dual output 
capability as described in the main section of 
this book. The PC board has been designed for 
this situation and the overlay allows for the 
connection of the Ov, 15v, 20v and 30v leads of 
the 6672 transformer. 


30v • 25v - Ov MODE: 

This will produce a Ov to 22v output and the 
current ratings will be similar to the above 
mode. The advantage of this arrangement is the 
very low voltage available for circuits using 1 or 
2 cells in their supply. 



















\ HOW THE CIRCUIT WORKS \ 


This is a brief analysis of the operation of 
the circuit. For a more detailed account, 
see the last few pages of the power 
supply notes in the back of the book. 

The power transformer can be considered to be 
a single 30v winding feeding a bridge rectifier 
with the centre-tap becoming the neutral line. 
The cathode of the bridge diodes becomes the 
positive rail and the anodes become the 
negative rail. See diagram P 13. 

The resulting voltage is smoothed by the 
2200mfd electrolytic and this produces a DC 
voltage having a ripple less than 2v P-P. 

From now we will discuss the positive section 
of the power supply and move to the negative 
section as the signal path takes us. 

The DC voltage is fed to the 7805 through the 
IN terminal and it appears at the OUT terminal 
at a voltage which is 5v higher than the GND 
terminal. You will notice tha the GND terminal 
is not connected to the neutral rail but has a 
500 ohm pot in the line. This is to enable the 
output voltage to be adjusted. The 220R 
resistor and 500 ohm pot form a voltage divider 
which "jacks" up the voltage to create the 
variable output. 

These two resistors form a voltage dividing 
network and the voltage developed across the 
500R pot is obtained via the 8 milliamps 
flowing in the G N D line plus the current flowing 
from the 220R resistor. The actual voltage 
across the 500R pot can be obtained from a 
complex equation but for our discussion we 
merely say the pot increases and decreases the 
output voltage. 

The output from the 7805 flows to a voltage 
dividing network made up of two 10k resistors 
and a 10k mini trim pot. One end of the divider 
is a positive voltage and the other end a 
negative voltage, having an equal amplitude. 
This means the centre point of the divider wilj 
be at a virtual earth or zero level. The 10k mini 
trim pot is included to make allowances for the 
slight difference in resistance of the two 10k 
resistors as they must be matched very closely 
for the positive rail to equal the negative rail. 


The starting point for the biasing arrangement 
lies in the zeroing of the voltage on the voltage 
divider. This will mean the base of Q1 will be at 
a virtual zero level and the emitter will be about 
.55v higher due to the natural base-emitter 
voltage for a transistor which is only just 
beginning to be turned on. This voltage is 
transferred across to 02 and causes it to be 
slightly turned on also. 


The effect of the collector-emitter current flow 
in 02 causes a voltage drop to be produced in 
the 10k resistor between the base and emitter 
leads of Q3. This voltage turns on Q3 and 
increases the voltage in the parallel 
combination of the two 680R resistors. 

The -5v from the 7905 is increased by an 
amount determined by the 'turn-on' of Q3 and 
creates a voltage which is exactly the same 
amplitude as the positive voltage (or maybe a 
few millivolts less). 

THE Ov FEATURE: 

The positive voltage is capable of being 
reduced to zero and this has been achieved in a 
very interesting way. 

Just as the voltage of a fixed regulator can be 
increased by jacking up the voltage on the GND 
terminal, the output can be reduced to zero by 
making the GND terminal go negative. 

All the regulator "sees" is the voltage on the 
ground (GND) terminal. It then keep the output 
voltage 5v above this value if it is a 5v regulator. 
If the GND terminal is -3v, the output of the 
regulator will be 2v positive. If the GND 
terminal is -5v, the output will be zero. 

By using a tapping on the transformer which is 
5v in the negative direction, we can add a 
simple rectifier and electrolytic to achieve a 
negative voltage. This is then fed to the GND 
terminal via a variable control to achieve a fully 
adjustable output. 

SHORT-CIRCUIT PROTECTION 

Two features have been included in the power 
supply to prevent the circuit being damaged by 
accidental short circuits. 

The most important of these is the two diodes 
in the output. If the positive output is 
connected to the negative output, the 
regulators would be in a worse position than if 
they were shorted to earth. The internal 
circuitry in each regulator is diode isolated and 
if the output goes negative, the reverse biased 
diode becomes forward biased and the 
circuitry is destroyed. 

To prevent this from happening we have added 
two diodes in the output. On short circuit, the 
top diode shorts the negative voltage to earth 
and the lower diode shorts the positive voltage 
to earth. And the regulators are saved. 

The other safety feature is the diode connected 
across the 7805. This diode protects the 
regulator against shorts in the 2200mfd 
electrolytic from damaging the regulator. If the 
input voltage suddenly ceases, the output 
voltage will attempt to pass through the 
regulator in the reverse direction. The diode 
will reduce this to about .6v. 
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IP 


^ THE CIRCUIT} 



DUAL TRACKING POWER SUPPLY CIRCUIT 



Note the relative position of each 
of the components corresponds <■ 
to the circuit diagram. 

The notes in this project book will 
mainly deal with the assembly of 
the PC board, wiring the trans¬ 
former and heatsinking the 
positive regulator. 

The PC board shown in the photo 
is our prototype on fibre-glass. 
The production run is paper 
bakelite and has an overlay 
showing the position of each of 
the components. 


COMPLETED LAYOUT OF THE POWER SUPPLY 


II 














































THE TRANSFORMER 


A SHORT DISCUSSION ON THE TRANSFORMER AND HOW IT WORKS. 


A power transformer is a brilliant 
pieca of dscsption. It is muoh 
mors oomplsx than It appears. 
Nearly everyone takes a trans¬ 
former for granted, They say "It 
works, so why worry," 

But when you are designing a 
power supply, the transformer ell 
of a sudden beoomes a very 
Important part of the design, Quite 
often the transformer beoomes the 
limiting factor In the design and It 
may not perform as you had 
expected. 

So it can be worthwhile to under¬ 
stand a few of its oharaoteristios. 


Why is the core of e trensformer 
laminated? 

Why does an unloaded trans¬ 
former take so little power? 

How does the primary consume 
power according to the toad on the 
secondary? 


The whole secret of the operation 
of a transformer is the fact that it 
operates on alternating current. 
The AC mains. 

So you cannot apply DC theory to 
its operation. 

The fact that the primary has a DC 
resistance of 60 ohms does not 
come into any of our calculations 
at this stage. 

A transformer Is basically 2 
windings which are connected 
magnetically. 

We will firstly deal with the 
primary winding. 

When a transformer Is connected 
to the mains, the core is initially 
devoid of any flux or any 
magnetism. If we assume the 
voltage of the AC is passing 
through the zero point on the 
graph, we can explain what 
happens as the voltage rises. 


that the reverse voltage is neary as 
high as the incoming voltage. Take 
this example: If the mains 
impresses a voltage of BQQmilli- 
volts on eaoh turn, the revese 
voltage being generated by the 
flux will be about 588 millivolts. 
Thus only IB millivolts is available 
for each turn to produce the flux, 
This voltage is impressed across a 
resistance of about 1/20 ohm (for 
each turn) and will produce a 
current flow whloh is the 
quiescent current for the trans¬ 
former, This is Just sufficient to 
produce the maximum flux lines in 
the core material. 

It should be noted that the 
flux is also producing a voltage in 
the secondary winding but since 
this winding is not connected to a 
load, no current flows. 

If a load is connected to the 
secondary, a current flows. This 
also causes a higher current to 
flow in the primary. 

The reason for this can be 
explained as follows: 

The secondary supplies current to 
the load becauses of the voltage it 
generates. The current flow is 
determined by the value of the 
resistance of the load. This 
current and voltage is a direct 



Each turn of the primary begins to 
have current flowing through it 
and produces magnetic flux in the 
core. This flux crosses each other 
turn and this induces a voltage in 
each turn which is in the opposite 
direction to the supplied voltage. 
At the same time the other turns 
produce a magnetic flux which 
cuts our first turn to produce a 
voltage in the reverse direction. 
This all occurs at the same time 
and thus the mains voltage finds 


THE 6672 TRANSFORMER 


result of the flux passing through 
each secondary turn. The current 
thus supplied, decreases the flux 
density in the core of the trans¬ 
former and the primary receives 
slightly less back-voltage per turn 
due to the lower flux. 

The result is a higher millivolt 
forward voltage and a higher 
current flows in the primary. 

This effect can be increased to the 
limitations of the transformer. If 
the current increases excessively. 


a point is reached where there Is 
insufficient flux to maintain a 
constant output voltage. 

The output voltage will "drop off" 
and regulation will be ioat. 
Regulation la the ability to main¬ 
tain an acceptable output at the 
required load ourrent. 

Now we come to the question: 
"Why is the oore of the trans¬ 
former laminated?" 

The oore has one baaio function, 
To concentrate the magnetio lines 
of force so that they pass through 
the windings of the transformer. 
These lines ere oommonly celled 
FLUX. 

The core provides a magnetic path 
for these. They pass down the 
middle of the core and around 
each side of the windings.By 
making the core out of thin sheets 
of metal we can produce a product 
in which the flux will perfer to 
travel in the longitudinal direction. 
In addition, the outside layers of 
the laminations are treated with an 
insulating material to make 
electrical conduction between 
sheets very difficult. 


The reason for this is very 
interesting. Flux cannot 
differentiate between the core 
material and the copper of the 
windings.Whenever it passes 
through a metal it produces a 
voltage and according to the 
resistance of the material, a 
current will flow. 

Take the core for instance. If the 
outside legs of the transformer 
were solid, the flux would pass 
through the outside leg and the 
material at the very edge of the leg, 
called the SKIN, would act as one 
large, thick, turn of wire. In fact It 
would act as one completely 
closed turn which we call a 
shorted turn and thus a heavy 
current would flow around the 
skin of the leg. The core material 
would get very hot and the trans¬ 
former would cook. 

By splitting the leg into lots of thin 
sheets, the outside path (or 
shorted turn) is now converted to 
the outside skin of each sheet but 
this time the generated voltage is 
much smaller, being only a 
fraction of the Original due to the 
small amount of flux in the thin 
sheet. Thus the losses are reduced 
considerably by laminating the 
core. 
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{ USING 2 2155 TRANSFORMERS! 


Two 2155 transformers can be used in place of 
the 6672 transformer with equal (if not better) 
performance. 


DISADVANTAGES: 

1. Two 2155's will cost more than one 6672. 


A number of factors influence the ability of a 
transformer to supply the necessary voltage at 
full current. 

In simple terms, this feature is called regulation 
and usually improves with the size of a trans¬ 
former. Small transformers usually have poor 
regulation and for this reason it is best to use a 
single large transformer in place of two or three 
smaller units. 

A single transformer is both lighter and cheaper 
than its equivalent in smaller units. 


2. Two 2155's will need additional wiring and 
phase determination. 

PHASING THE 2155's. 

Two 2155's will need to be phased so that the 
output voltage is presented to the PC board as 
a single 30 volt winding. If the phase is correct, 
the voltage between the Ov tap on one trans¬ 
former and the 15v tap on the other will be 30v. 
If the phase is incorrect, the output voltage 
will be zero across these terminals. 


Thus the statement that two 2165 trans¬ 
formers will work as well as one 6672 is 
debatable. 



Two 21 SB's have some advantages and eome 
disadvantages. Here they are: 

ADVANTAGES: 

1, Two 2166's are smaller and easier to mount. 


To produce the correct phasing, the 240v 
inputs on each transformer are connected in 
parallel as shown in the accompanying 
diagram and the secondary terminals are 
connected in series. We are assuming that 
both transformers have been manufactured 
with their primaries wound in the same 
direction and also the secondaries. 


Whether you are using one trans¬ 
former or two, the circuit can be 
simplified to a single centre-tapped 
secondary feeding into a bridge.. .as 
shown in the diagram. 


Positive 




Common 


Negative 


OUR FRONT-END 


2. They will distribute the load in the cabinet 
Into two areas. 


3. They will provide more area for cooling and 
ventilation. 


4. 2155's are readily available. 
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^ CONSTRUCTION 


Before warming up the soldering iron you must 
get all the components organized. If you buy a 
kit, all the parts will be pre-selected. They will 
be the right size and shape to fit the board. If 
you intend to purchase the components from 
different sources and use some of the parts 
from your stock, you may fall into a number of 
traps. The most common of these is non 
uniformity of components. To me, neatness is 
very important. All the resistors should be the 
same size and all the electrolytics single 
ended types (PC types) and the mini trim pot 
should be small enough to fit directly into the 
holes. 


Make sure the leads of the components fit 
into the holes on the board before starting to 
solder. This applies to the diodes, mini trim pot, 
regulator and large electrolytics. The resistors 
are all Viwatt. None of them will get hot when 
the power supply is in operation so tiny 
resistors are quite suitable. 

Gather all the components and lay them out so 
that they are in a position exactly relative to the 
final placement on the board. This is very 
important because when you are soldering. 
















CONSTRUCTION 


you cannot concentrate on selecting the 
correct component and make a good 
connection at the same time. 

Make sure you understand which end of the 
diode is the cathode before starting. This also 
applies to the electrolytics. We have identified 
the positive on the layout but the negative is 
usually identified on the body of the 
component. The metal side of the regulator 
faces towards the edge of the board so that it 
can be bolted onto a heatsink via a nut and bolt 
and a little thermal heat compound. 

The two BC 557 transistors fit near each other 
and the BC 547 mounts by itself. The outline 
marked on the board clearly shows the 
orientation of the transistors and they all have 
the same leadout as shown in the diagram. 


The two light emitting diodes must be inserted 
as shown as they are a polarised component 
and will not work in the reverse direction. 

Now we are ready for assembly. Use fine or 
very fine solder for the joints and tin the 
soldering iron ready for the start. 

How you start or where you start is not critical 
but the most important point is to make a very 
neat job. 



MAINS WIRING LAYOUT 
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f construction! 


SELECTING X or Y 

The board contains 3 jumper wires and these 
are clearly shown on the overlay. On top of this, 
in the centre of the board, is a selection link. It 
is actually a jumper which enables you to select 
theOvto 15v mode using the X hole or 5v to 15v 
using the Y hole. We suggest using the X hole 
to give the fully variable output. This makes a 
total of 4 jumper links. 

Next add the 10 diodes. The white band 
painted around one end is the cathode and it 
goes upwards or to the left on the board. Push 
the leads through the holes so that the diode 
touches the board. This will improve the 
heatsinking through the copper tracks on the 
board. Bend the leads slightly apart so that the 
diode stays in position, ready for soldering. 
Solder the leads and cut the surplus flush 
with the board. Continue with the rest of 
the diodes. 

Eleven resistors are needed for the circuit. They 
are fitted one at a time, soldered and the leads 
trimmed flush. 

The mini trim pot can be any value from Ik to 
10k and the best type to buy has thin leads 
which will fit down the 1mm holes. 

The 10Opf cap is the next part to be soldered to 
the board. 

The two light emitting diodes are fitted so that 
the cathode lead (the short lead) fits down the 
hole identified with a line. 


The two lOmfd electrolytics and lOOn 
capacitors are the next components to be fitted 
to the board. 

The 7805 and 7905 are soldered in position 
with the metal face near the edge of the board. 

The two 2200mfd electrolytics are now added 
to the board, make sure the positive lead goes 
down the correct hole. Remember that the 
negative lead is identified on the body of the 
electrolytic. 

The three 470mfd electrolytics are the last 
components to be added to the board. 

Cut short lengths of coloured hook-up wire for 
the 4 input leads, 2 leads for the 500R pot and 3 
leads for the output lines. These should be long 
enough to allow the board to be taken out of the 
case for servicing, if needed. 

The remainder of the construction will vary 
from constructor to constructor and the easiest 
way to present the wiring is via a diagram. 
We have shown the layout for a pair of 2155's 
as the 6672 transformer will be a direct 
connection. 



REGULATOR PIN-OUTS 

7805 

20UT 
3 COM 
1 IN 


7905 




2 OUT 
IN 

COM 
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5v 1.5AMP1- 


For the special requirement of 5v at 1.5 amps, 
this power supply project requires a small 
modification. 

You must firstly be aware that the dual voltage 
facility will not be available nor will the variable 
voltage be easily obtainable. We are catering 
for the situation where exactly 5v is required for 
a TTL project or other similar needs. 

The 1.5 amp current situation is only 
recommended for short periods of time as the 
6672 transformer is only designed for 1 amp 
loading. 

To enable the bridge rectifiers to handle 1.5 
amps, it will be necessary to parallel up two of 
the diodes to cater for the higher current. 

You can use two extra diodes out of your parts- 
box or remove the two outside diodes from the 
board as they will not be needed. There are the 
diodes which supply the voltage to the 
transistor stages. 

Refer to the diagram for the position of the two 
diodes which must be paralleled up. The two 
added diodes can be soldered to the copper 
side of the board or the top side as shown in the 
diagram. Either way you will need to take 
advantage of the heatsink and the leads must 
be keps as short as possible so that the heat 
can be effectively dissipated. 

Keeping the diodes cool is most important 
when the maximum current is required. 


HEATSINKING THE DIODES !■ 

For any current requirements above 1 amp, you 
will find the power diodes will be fairly warm to 
touch after a few minutes of operation. 

This is because they will be dissipating nearly 1 
watt of power per diode because the voltage 
drop across the junction rises to nearly .9v as 
the current rises to about 1 amp. 

If you intend to operate the power supply for 
long periods of time at a farily high current 
level, the diodes must be heatsinked. This will 
not only lengthen their life but also prevent the 
possibility of one or more of them becoming 
damaged. 

The best heatsink is a small piece of sheet- 
metal cut from the lid of a can. This is soldered 
directly to the leads of two diodes as shown in 
the diagram. You will see that this is not 
creating a short circuit as the copper track 
under the board also joins these two diodes. 

Another piece of sheet-metal can be used to 
heatsink the other two diodes and these can be 
stood upright and parallel to each other. To 
prevent them from shorting against each other, 
a small piece of insulating tape can be stuck on 
the inside of each fin. The diodes will love you 
for the attention they receive and if your are 
quick at soldering, you will not damage them. 


The main electrolytic can also be increased to 
give added smooting but this not as important 
as attending to the diodes. 

Remember the regulator must be allowed to 
have at least 3v across it to maintain 
regulation. The regulator must also be perfectly 
heatsinked with thermal grease and mounted 
on a large heatsink to capable of supplying the 
necessary wattage. 


diode behind 




HEATSINKING THE DIODES 
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^ HEATSINKING THE REGULATORS^ 


The photos of this project show heat fins on the 
two regulators. These heat fins are only 
intended as run-up components, to test the 
supply and get it operating. Each fin will only 
dissipate 5 to 6 watts and this well below the 
expected dissipation when the supply is 
delivering 1 amp. 

To act as a suitable heat sink, I looked around 
for something everyone would have in their 
parts box. I found it in the form of a lid from a 
jiffy box which is the same size as the PC board 
for this project. This enables it to match 
perfectly with the holes in the PC board. 

Only the positive regulator needs an additional 
radiating fin as the current required from the 
negative line will be small and the mini heat fin 
will be capable of dissipating any heat 
generated by the 7905. 

To enable the sheet of aluminium to attach to 
the PC board, it is necessary to make a cut 1 cm 
from each end and cut into the sheet 1 cm to 
make a tab containing the corner hole. This tab 
is bent to 90° and the same is done with the 
hole in the other end. the strip of aluminium 
between the two tabs is bent to 90° in the 
opposite direction. See the sketch. 

Sit the aluminium sheet on the PC board and 
make sure the holes align. Next mark the 
aluminium with a scriber through the mounting 
hole of the regulator and drill this hole in the 
sheet to take a short 4BA nut and bolt. 

After the hole has been drilled, use a flat file to 
remove the filings and prepare the face of the 
aluminium near the hole to meet the surface of 
the regulator. Do this on a flat surface and 
repeat on the other side. The mini heat fin will 
be used in conjunction with the aluminium 
sheet to prevent a hot spot from developing 
near the regulator. The aluminium sheet itself 
is not thick enough to transfer the heat quickly 
from the face of the regulator and an additional 
thickness is required. Thus the need for the 
heat fin. 

Prepare the surface of the heat fin with the flat 
file and sit it onto the aluminium sheet to 
observe their flatness. You should not be able 
to see any light through the crack . . the closer 
the fit the better. 

Attach the aluminium sheet to the PC board 
with two nuts and bolts. Smear a very small 
amount of thermal compound on the four 
conducting faces. Clamp the regulator and mini 
heat fin to the aluminium and screw them up 
tight so that the thermal compound squeezes 
out of the cracks. 

You have now produced the cheapest and best 
heat fin for 10 watts dissipation. It will 
probably dissipate more heat but 10 watts is 
about the maximum we are producing. 


It is an interesting exercise to load up the 
power supply and feel the heat fin after 10 or 20 
minutes of operation. With 10 watts of heat 
being generated the fin is quite hot but still able 
to be touched. You can sense the temperature 
the regulator the temperature is so high that 
you might wonder how the regulator can still be 
operating. 

Without the mini heat fin you run the risk of the 
regulator overheating and shutting down. So it 
forms a very important part of the cooling. 

We have only added a large heat fin to the 
positive line as the negative rail will be 
supplying only a very small current under 
normal operation. If you find the heat fin on the 
negative rail gets too hot, you can add an 
additional radiator at a later date. Anything up 
to 150 milliamps on the negative line can be 
delivered without overheating the regulator. 



One possible arrangment for the 
regulator heatsink and mini fin is 
shown in the diagram. 

The PC board is attached to the 
wooden base via a long screw and 
sleeve. This screw also holds the 
heatsink in position. Note the 
heatsink is bent to 90° at its base 
to produce a foot which can be 
damped to the board. 























IDENTIFYING THE LEDs 


IDENTIFYING THE LEDs. 




The two light emitting diodes are mounted on 
the board in opposite directions. There is no 
intentional reason for this, just circuit layout. 
If you are using new LEDs, one lead will be 
longer than the other. The short lead is the 
cathode. Otherwise, if the leads are the same 
length, you will have to use one of two other 
methods for determining the cathode. 

Mind you, they won't be damaged if you insert 
them into the board around the wrong way. It's 
just nice to get things right the first time. 

When soldering the LEDs to the board, do it 
quickly and keep the leads long. LEDs can be 
very easily destroyed by heat. But before 
soldering them, look into the body of the LED. 
You will se one lead is larger than the other. 
This is the cathode. The fine piece of wire 
joining the two leads is not a filament, it 
connects the leads to the light emitting crystal. 
The other methode of determining the cathode 
is to look for a flat on the side of the LED. It 
indicates the cathode. 
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I substitutes! 


The components in this project are really not as 
critical as you think. You will be pleasantly 
surprised when I tell you the range of values 
you can use. 

I will start at one end of the board and work 
across. 

The diodes can be any voltage from lOOv to 
1000 volts. Only the current rating is 
important. They must be capable of handling at 
least 1 amp. The 4 diodes in the bridge are the 
critical ones. They will be required to pass the 
current when the supply is operating. The other 
diodes pass a smaller current or are only used 
for short periods of time. 

The two 470mfd electrolytics which smooth 
the supply for the transistors are mounted near 
the set of bridge diodes. They can be lOOmfd, 
220mfd or 330mfd, without affecting the 
performance. 

The 470mfd producing the negative voltage 
cannot be reduced in value without affecting 
the negative supply to the regulator. 

The 2200mfd main reservoir capacitor can be 
reduced to lOOOmfd if the higher value is not 
available. If only one 2200mfd is available, it 
should be used for the positive section. 

The 7805 can be replaced with a 7806 or 7808 
or even a 7812, however it may not be possible 
to reduce the voltage to zero with the 12vtype. 

The 7905 can be substituted with a 7906 or 
7908 and the same conditions apply. It will not 
be possible to get lower than 2v more than its 
rating. 

The 220R resistor can be substituted with a 
180R 270R or 330R. 

The 4k7 can have any value from 2k2 to 47k. 
The two 680R resistors can be changed to 
560R or 820R. 

The 1 k5 can be 1k2 or 1k8. 

Any of the 10k resistors can be changed to 8k2, 
12k or 15k. The only important point is the two 
resistors in the voltage divider network must be 
the same value so that the mini trim pot has a 
chance of trimming their value exactly. The 
mini trim pot can be any value between 1 k and 
10k, however the higher value will make 
adjustment more sensitive. 

The two Ik current limiting resistors for the 
light emitting diodes can be 820R, 1 k2 or 1 k5. 

The lOmfd electrolytic in the output can be 
4.7mfd or 22mfd without any effect on the 
performance. 

It boils down to any of the components can be 
changed to a value higher or lower than the 
suggested value and the only components 
which are critical are the two resistors in the 
voltage divider network. 


IDENTIFYING THE TRANSISTORS 

Both PIMP and NPN transitors are used in the 
tracking circuit. 

They both look exactly the same and have the 
same pin connections. 

But you cannot swap them over or used them 
around the wrong way and expect the circuit to 
work. Because it won't. 

Use only NEW transistors as they are so cheap 
to buy that it is not worth spoiling the project 
for a few cents. We use BC 547's and BC 557's 
for nearly all our projects and it will be worth 
while stocking up on a quantity of them if there 
is a saving for bulk lots. 

HOW TO TEST UNMARKED TRANSISTORS. 

If the numbers have rubbed off your transistors, 
they can be identified by using the transistor 
tester on the LOGIC DESIGNER or you can use 
a multimeter and the instructions on DATA 
SHEET 2. 

When clipping to the leads, rmember that they 
are normally bent Jo form a tripod and this 
identifies the collector, base and emitter. If the 
leads are in-line, you will need to go by the flat 
on the transistor to pick out the collector. The 
holes in the board form a triangle and the 
outline of the body is also shown, so the 
transistor can only be inserted one-way-round. 
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HUE 


MAINS I -— 

The plug and lead should be firmly connected 
via the wiring and the outside cover of the plug- 
top attached to the base. This is only simple 
intelligence but it is amazing how often the 
cover is left loose. The outside cover of the flex 
should enter the plug-top as far as possible so 
that no wires are visible. 


It cannot be too strongly stressed. This is a 
mains operated project and a great deal of 
caution is required when connecting any type 
of project to the mains. It is so easy to make a 
mistake in the wiring of something simple. 
Something like wiring a plug top. switch or 
socket. If this happens on the mains side of 
things, the result could be lethal. 

And we always tend to make the greatest 
number of mistakes when something looks 
easy. 

It's a simple truth. The easier the job. the more 
chance of making a mistake. This is because 
we electronics experts are complex human 
beings and when we are required to handle a 
simple operation, we let out guard down. And 
what happens. We do it wrong. 

Whenever / do something simple / get it 
checked. And quite often / have made the 
simplest of mistakes. 

So the lesson is there. 

This project requires checking. 

It is absolutely essential to get the finished 
project checked by someone else. Anyone 
else. As long as it is not yourself doing the 
checking. You cannot proof your own work. 


Ideally an electrical engineer or technician 
should look over the mains side of the wiring to 
see if everything is tight, neat and well- 
insulated. But if this is not available, a teacher, 
parent, adult friend will be willing to follow the 
layout and tug at the flex and wiring. 

Every part of the mains wiring should be 
insulated to the touch and no exposed wires 
should be visible. Only a screwdriver should be 
able to undo the screws on the terminal block. 


WIRING A PIGGY BACK PLUG 



It is best to use a piggy back plug so you can 
still use the mains outlet for your soldering iron 
or other lead. 

A good cord anchorage will be needed where 
the cord enters the cabinet so that the lead 
does not pull on any of the wiring inside the 


case. The hole for the flex should also be large 
enough so that the lead does not rub against 
the metal hole in the case. 

Preferably the cord anchorage should be 
mounted inside so that the hole is prevented 
from chaffing the cord. 

Provide plenty of flex for the project because 
you never know where it will be used. A long 
lead is always appreciated. 


WIRING A PLUG-TOP 

3 PIN PLUG 

| This simple operation looks fool-proof but 
| needs concentration to avoid a mistake, 
i because the new colour-code for the flex is so 
i confusing. 

Activc^ 

; Begin with the G R EE N or YELLOW striped lead 
to the EARTH or plated pin. The RED or 
BROWN goes to the left-hand ACTIVE pin and 
the BLUE or BLACK to the right-hand or 

t Neutral 

NEUTRAL pin. 

EARTH ; 
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\ RUNNING-UP THE POWEB SUPPLY 


This secion deals with loading the power 
supply to rated current to check all 
components. 

When all the parts have been mounted on the 
board, the next stage is to load the output so 
that about 1 amp is drawn from both the 
positive and negative rails. This lets you know 
the power supply is operating and will supply a 
current. More than that we are not testing. 

We are only performing a run-up proceedure 
and the current will not be required for more 
than about 10 seconds. 

The easiest way to load the supply is to connect 
two 10 watt resistors to the output. These can 
be either 8R2 or 10R and you will need a 
voltmeter to set the voltage fairly accurately. 

Lay the project on the bench as shown in the 
photo and have a multimeter ready to make a 
very quick voltage adjustment. 

Turn the supply ON and set the voltage to 8.2 
volts for the 8R2 resistor or 10 volts for the 10 
ohm resistor. By simple ohms law we have 
created a current flow of 1 amp in the output. 

We are now going to make a very approximate 
statement. The power loss in the load is equal 
to the loss in each of the regulators. This is due 
to approximately half the voltage dropping 
across the regulators and half across the load. 
This means they will heat up to about the same 
temperature given the inference that the 
volume of the load is about the same as the 
regulator and heat fin. 

In any case the run-up procedure calls for the 
supply to be turned on for 10 seconds and then 
switched OFF. Feel the temperature of each 
load resistor. They should feel about the same. 
Feel the two heat fins. They should also be 
about the same temperature. 

This is only a simple test to test the outputs 
under load. 

If you keep the power applied for more than 30 
seconds you will burn your fingers on the load 
resistor, just as I did now, The heat fin will also 
get extremely hot and may exceed the normal 
Amite of the regulator. 

If any of the four heat-disslpators remains cold, 
you will need a multimeter to find out what Is 
going wrong. 

When you are testing the section containing 
the cold component(s), do not let the other 
section get too hot. Disconnect the load from 
the working stage and concentrate on the 
faulty section. 

Firstly check the input voltage to the regulator, 
then the jacked-up' voltage on the GND 
connection. Finally measure the output 
voltage. If the input voltage is missing, it could 


be two faulty diodes, a dry joint or a break in the 
PC track. If the GND voltage is zero, the output 
will be only 5 volts and this could account for 
the cool resistor. If the G N D terminal is jacked- 
up, and the output is zero, the regulator could 
be open. 

If the regulator is getting very hot and the load 
is cold, it will be a short across the output, but 
not a short inside the regulator as it is a series- 
pass device and the shorting current must flow 
to earth. You can also refer to the notes dealing 
with a damaged power supply, later in the 
project. 


Hopefully you will not meet any of these 
problems and the 4 heat-dissipating 
components will be nice and hot. 

You are now ready for the next stage which is 
mounting the board and transformer in a case, 
cabinet, box or chassis. 



CALIBRATING THE OUTPUT 


The diagram opposite shows a suitable layout 
for the front panel. The scale for the output 
voltage Is created with the aid of a multimeter 
set to a suitable voltage range. 

Connect the voltmeter across the output 
terminals and turn the pot to read 6v on the 
multimeter, Mark the position on the soale. 

Increase to lOv and again mark the position. 
The highest voltage will be about 15v and this 
is also marked on the dial. 

You can include a panel meter to monitor the 
output voltage if you wish however the output 
voltage is generally not too critical and a scale 
around the pot is usually sufficient. You can use 
a multimeter to read the exact voltage as 
required. 
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\ COMPLETING THE POWER SUPPLY 


Although we have said the layout of the case 
will be left up to you, I think a few pointers on 
good layout and design will be in order. 

To pass a good design award, you will need to 
consider three aspects: 

1. Perfect safety and insulation from the mains. 

2. Good ventilation. 

3. Good layout for the front panel. 

First and foremost is the safety aspect. 

If you are going to fabricate your own case, you 
have a choice of three materials: METAL, 
WOOD or PLASTIC. You can either use one 
material throughout or combine two or more 
together. 

Sheet aluminium is the easiest metal to work 
with however wood is most versatile and the 
most pleasing when completed. Plastic will be 
the most difficult to work with and the most 
expensive to buy as sheet PVC or perspex is 
very expensive when bought in cut sizes. 

You may like the idea of making wooden ends 
and bending up the base and front panel from a 
piece of sheet aluminium. The back and top can 
be made from another sheet. This will give a 
join at the top front edge and to avoid any 
joining problems you could make the base and 
back in one section and the front and top in 
another section. This will take the join to the 
back of the cabinet. 

When using metal for the base and front, all the 
terminals. PC board and LEDs have to insulated 
from the metal. The use of wood throughout 
will eliminate this. 

Any way you do it, it will come out cheaper than 
the over-priced cabinets on the market. 


The most important design feature of a good 
cabinet is ventilation. The transformer and 
heatsink must have a draft of air passing 
through the base and out the top or near the 
top. Without this, the parts will gradually heat 
up and heat up until they finally cook. It may 
take a few hours but it will eventually occur and 
in the process you are exposing the case to the 
risk of fire. 

Apart from an abundance of holes, you will 
need to have clearance between transformer 
and case of at least 1 cm and the top of the 
heatfin should be 1 cm from any case-work. 
The top of the heat-fin can be bent over to 
create this clearance if necessary. The PC 
board should be mounted on stand-offs so that 
the track-work does not short against the base. 

Depending on your selection of one or two 
transformers, the internal layout should closely 
follow the layout diagram. It should be kept 
neat and tidy with the mains side of the project 
well away from the secondary voltages. No 
exposed leads should be visible and no 
connections to the mains available to the 
touch. Even a piece of electrical tape or a 
plastic sleeve is sufficient to prevent accidental 
contact. This is absolutely essential as some 
constructors say "I made it, so I can fiddle with 
it." and they become a little blase. 

When laying out the front panel, centralise the 
controls and terminals to make them look 
appealing. Use the appropriate colour for each 
output and make sure it is adequately labelled. 
Don't forget, someone else may be using your 
supply one day and an unlabelled supply may 
lead to an accident. 



A SUGGESTED FRONT PANEL LAYOUT 


















H USING THE POWER SUPPLY 1 - 

Use leads of a similar colour code and also 
matching alligator clips. 


I shouldn't need to give you too many ideas 
about the uses for the power supply. By now 
you will be rearing to put it into action - even 
before it's complete. 

I can only say it will be the next best investment 
after buying a set of nicad batteries. Not only 
will it last longer than rechargeable batteries 
but you won't have the worry of a project dying 
in the middle of development for want of a little 
juice. 

The only thing I must say to you is: do not short 
the positive terminal to the negative terminal, 
"to see if the power supply is working." This is 
the most dangerous act of all for a dual supply 
and even beats shorting an output to earth. 

When you short the positive to negative you are 
actually trying to make the output go below 
zero voltage and this will turn on an isolating 
diode inside the regulator. Without the two 
output protection diodes you would damage 
both regulators. But these diodes are not all 
that robust. With the high current and the 
added zap of an electrolytic, one of them could 
be damaged and go 'short'. 

A tiny 10 ohm resistor connected on the 
outside of the supply to the negative terminal 
will prevent any likelihood of this happening 
and the low voltage drop across it, when 
drawing a few hundred milliamps, will be small. 


Before connecting the output leads to any 
project or even a set of nicad cells, it is most 
important that the polarity of the leads be 
correct. 


With the power supply switched off, connect 
the zero volt line (the common or earth line) and 
then the positive line. Switch the power supply 
ON. 

If you think a project you are powering may 
have a short circuit or consume too much 
power, the only protection device I have used 
with success is a small 10 ohm resistor of V* 
watt rating, in one of the lines. It doesn't 
matter which line contains the resistor, so long 
as it is well away from any other components 
as it may go up in smoke and catch fire. 

If a short is present or occurs, the resistor will 
go up in smoke. If the project takes a heavy 
current, the resistor will go up in smoke 
quickly. The resitor may be wasted but it serves 
as a very handy indicator. It could save a 
number of expensive components from being 
damaged. 

The only way of testing the power supply for 
the 1 amp current flow is via an 8R2 or 10 ohm 
wire wound resistor capable of dissipating 10 
watts. An ammeter across the output will not 
indicate the correct current flow because it will 
create a short on the output and the regulator 
will shut down. 

If you only have low wattage resistors to do the 
testing, a 10 ohm % watt resistor can be flicked 
across the output while holding the body of the 
resistor in your fingers. About Va second after 
touching the output terminals, the heat from 
the resistor will reach your fingers and you will 
know power is available! 


The output terminals should be colour coded 
with red for the positive output, green for the 
common line (or earth line) and white for the 
negative rail. 


+ 


+ 500R 

^470u POT 


(3 

\ 


!200u 


\ 


i 22 ^ ft 

O/tfoT* 


All the best with the project and remember NO 
SHORTING! 

Colin Mitchell. 
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Full size PC artwork: 



The page behind the PC artwork is blank so 
that you can expose through the paper. 


Send in your ideas ... 


Help us to create new and exciting projects. 

Let us know how you liked this project and any 
special uses you have put the power supply to. 

Our intention is only to get you started with a 
project and leave any further experimenting up 
to you. Some of the adaptions and 
modifications which have been sent in from the 
previous projects have been quite ingenious. 
Maybe you have some ideas for the power 
supply. The previous suggestions have already 
been put into operation and our presentation 
has benefited from them. 

The next book in the series is a digital volt¬ 
meter using readily available chips to show 
each section operates. Watch for it soon. 


Name: 

Address: 


Post to: 

TALKING ELECTRONICS 
35 Rosewarne Ave., 
Cheltenham, 3192. 
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POWER SUPPLY DESIGN 


INDEX: 


Adjustable output voltage.61 

Average voltage.25 

Bridge rectifier.31 

Buffer transistor.48 

Centre-tap.29 

Conventional current flow.30 

Current limiting.51 

Differential amplifier.45 

Driver transistor.49 

Dual supply.58 

Diode regulator.33 

Dual tracking.69 

Electron flow (direction).30 

Electrolytic (size).32 

Electronic trip.54 

Error Transistor.36 

Filters.31 

Full wave rectification. 30 

Half wave rectification.30 

Increasing the current to 4 amps.. 59 

Inverting amplifier (op-amp).45 

LC filter.33 

Negative regulator. 68 

Negative supply. 68 

Non-inverting amplifier. 45 

Op-amp as a comparitor. 46 

Op-amp pin out (741). 44 

Op-amp in power supplies. 43 

Overload protection. 38 

Peak-to-Peak value. 29 

Peak voltage.29 

PIV rating. 32 

Pre-regulator.66 

RMS value.29 

Series regulator.34 

Short-circuit protection.37 

Single-ended transformer.29 

Smoothing. 30 

Three-terminal regulators.55 

Variable output voltage. 61 

Voltage regulator. 55 

6672 transformer.32 


The elements of a modern power 
supply are simple: 

- A transformer 

- Bridge rectifier 

- High value electrolytic 

- Regulator chip 

With these few elements we can 
build a very effective power supply 
capable of delivering nigh 
currents with very little ripple. 
This is especially important inTTL 
circuits where high rippple will 
produce all kinds of trouble. 

Even though the number of 
components is few, a great deal of 
theory lies behind the con¬ 
struction and design of a power 
supply. 

These notes concentrate on facts 
relevant to the dual tracking 

B ower supply in this issue but can 
e extended to a wide range of 
individual requirements. 

It’s very rewarding to learn some 
of this theory. 

Here’s how it all goes together: 
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.? ow£ j l > “^PPLY FEATURED IN THIS ISSUE 
Wiii. PROVE To ae a valuable INCLUSION IIS/ THE WORKSHOP. 

flNO IT MAY PROMOTE a LITTLE FURTHER INVESTIGATION INTO 

"rffE design of a Circuit-to suit a particular"requirement. 


But before you tackle anything along-these lines it will . 

&ENEnciAL_5) READ-THROUGH THESE HflND-lORlTTEN NOTES A! 
THEY HUE SURE-15 make YOuRTBSK EASIER IN THE Fin\6H 

a power supply cam 6£ designed tor almost any Requirement 
-tBe only /.imitation is-the need Rjr a Power point^ 
in OTHER words the project cannot BE portable. 

Bot it a power supply can be used, it will save -the cost of 
Batteries And AVOIO-THE FRUSTRATION or A fluctuating 
VOLTAGE OR A SUPPLY RUNNING OUT. BATTERIES ARE IDEAL FOR. 

** Co *'tlWEO OPERATIOM, A POWER SUPPLY 

Features or a — oeuvers a constant voltage 
Power supply-. — capable ofoeuvering high currents 

— cAPAfcL^oT OElvvERiNG High VOLTAGES 

- ABLE Tb CHARGE NI-CAOS. 


.First con siderations determine itthe Oual tracking supply 
u _„ will satispythe requirements, ir not 

Design.- tffESE notesPljIu! cover au. T -the'ykctRy'^Ie'hino^ 
^N l o,r« Y E6 flN0 Pwswr *° ME go.de lines for 


I. LOW POWER —USUALLY ISOmfl S60mA OR 500mA. 
a. _meoium power — usually iamp-i62amp. 

3. high Power - 3Amp 5amp IOamp and higher. 

ilfiTE; TTlE voltage OT A POWER SUPPLY IS COMPLETELY 

INOSPENOENT or CURRENT. AT ANT CURRENT FLOW THE 

Voltage range caw Be i c ’ 

l-Dv —» 1,000 VOLT. 

_I S I% fl flow£ft SUPPLYCAN be OESIGiveo TOR -. 

3.V @ IOAMPS OR HOv ®.ISOmA OR 32 - O-32 <® 5 AMPS 
"TfiE ONLY {DIFFERENCE BETWEEN THESE Will BE "THE PHYSICAL. 
•SIRS OF THE SUPPLY, HEFTT-SINKING & Cost ° 

_RSmsmber : Power-Supplies are maws operated projects 
Ano safety-with-the-haws is essential . 


A POWER SUPPLY CONSISTS OF 3 SECT,Or 


XF 



transformer rectifier smoothing 
these notes will outline how the 5 stages can gc 
the best Ano cheapest power supply for Y>..i . -5.. -— B -?° ^ 

THE power transformer 

* Primary^ all g~- * 


CENTRE-TAPPED OUTPUT 


MULTI-TAPPED SECONDARY 


- N0TE ^ e S° t SCONOfl ^ Y AM USUALLY MARKED ON 

Jp4l^ ft «J T ^* R '- a Y0U Ml,6T “^ WHICH IB WHICH ’ 

* T". jMELNrjpRK IF YOU CONNECT THE SECONDARY 

*«*« 

l wSe^up^bThS ™ 

* cSSSat 1 ("dR °"* r ■ ,T *°" u *»^ 

* wrfriie mauhs* KN ° W wMi “ i 6etON ‘ > ' ,RY «ao is “in phase” 

* IT°S U c^°n\ M ^1 6 0 U ltU HE rat‘ng 1 ''' , ' :£ or n W,N0,N * ™ determine 
¥ ™S CIRCUIT SYMBOL FOR A TRAasFORMFR OOES NOT inOicATE THE 

1NY WlNOlNft flATHS CtfAASNT OAV*TfflO»C 0*. VOCTflag . 


6I2.C Ol 
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Simple series Regulator-. 



i s 


— UP To 10 m A BASE CoRAENT @ J flMP OUT Pen 
CURRENT. 

I OmA BLEED CURRENT OOWN TO NEARLY 

zero Bleed when i Amp ourpe>T current, 
is S£iNG DRAWN 

Nlfl T .£S = 

FORM A SHUNT REGULATOR. 

D, IS A ZENER OlODE 

^ 0, MUST NEVER. BE TAKEN OUT Of BREAK-DOWN oR REGULATION 

UI LL BE LOST l.e. IT MUST ALWAYS PASS A BLEED CURRENT 

R.&O, ARE DESIGNED TO pass 10 OR II mfl X"-. 

■X THUS 10mA IS AVAILABLE FOR THE BASE CURRENT. V • 

X Q, HAS A GAIN Of lOO TIMES (AS PER DATA SHEET) WmAxJOO I 
= 1,000mA - I Amp thus the regulator, u;ill supply 

I AMP TO THE LOAD. » 

^ Q, Has A Voltage drop of *6v from base to emitter, • 

THUS IF ZENER VOLTAGE IS 12V THE OUTPUT VOLTAGE WILL BE 1 
12 - *6 - I/-4-V. } 

In This IAmp power supply only 10mA "8 leed current" is costI 

This is iootimes more efficient than using oust a diode. j 
the n/oltage regulation is obtained from the zener diode 1 
the transistor, amplifies the current capabilities of the 
diode by iootmes. , 


This point needs to be understood, if we draw too much current 

Out OF the CIRCUIT The base will DRAW MORF than 10mA 
Through r, but this woolo diminish the current through the 
Zener, diooe To zero Ano regulation would be lost. 

THE above circuit is only capable OF A F/YED output Voltage. 
This Voltage ismAiNTAiNED over, Q~*»l Am P range. 8Y 
selecting A SUITABLE VALUE of ZENER D/OOE AnO Adding 
AN "ERROR SENSING * TRANSISTOR, WE CAN VARY " r HE OUTPUT 

Voltage from the zener-voltage to slightly less than 
the input voltage. (For gooo smoothing Qi should drop 
At least 4-*» 5 Volts j. 
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'sct o\npor molts 11 


Th£ Circuit starts up As Follows (tak.en in slow motion^ 

Oi l^fl I2 v 2EN£R Oioot The 20v INPUT FEEDS THE OlOCK VlA R .5 
%% ,0ES ^KS eeie foflQi. prov.oe a Voltage 

QwioeR network, to turn on q?. 0 

WHEN POWER IS APPLIED, £4 PRoviOES The BASE Of Q, CjitH 
almost Toll input VOLTAQE ToToRN IT ON. AS THE EMITTER, 
Voltage Rises (Actually it Follows the collector Volt^ge^ 
the Voltage divider NetWork, consisting of R, R 2 R R-, will: 
PRoOUCE A VoltAQE At THE BASE OF • Qz Will GE 3 Fully 
lufcNEO ONj At I2-6v And THE Collector OF Q? Will I3E 12‘?y 
(which is the Rener Voltage Plus The collector--Emitter 
Voltage drop) the output of <Qi will se -6v lower than this 

HT IZ*I VOLTS. 

"J?* CURRENTS FLoWJNG At this Stage dill 66 THE Imfl 6LEED 
through R> 10mA Though the Turn -on resistor, £. i the 
current through the Voltage Div/oer network ^ 

THE Circuit Will Supply AmP AS in THE previous Circuit 

WITHOUT Q? Playing Any Further part. 

R 2 isths ;=£f output volts" and allows the output t 0 se 
AO^OSTED A&OVE I 2 ’I\/oliS To ISvoltS. is JN/tiTUlY set 
AT the TOP. AS THE slider »S moVED TOWARDS GROUND, 0 2 IS „ 
TURNED OFF And QI RECEIVES A H/GHER TURN~0/V VOLTAGE VIA £4 
-tAe output Voltage Rises Ano $eg/ns to turn on Dp And th/s*‘ 
turns off o.untl A new output voltage equilibrium is 

OSTfl/NED. the CIRCUIT WILL NOU) PROVIDE O'** / AMPS At THE 

new voltage without Qz playing Any Further part 
TFi is applies To THE QUIESCENT OR OR Condition WHAt 
HAPPENS WHEN A R/PPLE VoltAGE 1SAPPLI6O To THE C/RCUIT ? 
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t 4 i 4 TTTTi 

_ _ J_L_J——I—I—L—i—— 

<)WY RiPfLE APPEARING ON/ THE 20v 2|K/E WILL Eff ECTWELY S£ THE 
CAME AS fLAiSiNGTHE INPUT VOLTAGE TO £AY20.| y o«. 20‘4\/. LA 
increased voltage is mot sensed 6 Y the zeneiR qiode as it 

m a mEOBREAKDOWN VoaAGE Of 12 V, 6 C)THE ZENEfc BECOMES 
00 ^ BASE REfERSNCE VOLTAGE. THE VQlSTWxt INCREASE WILL 66 

SENSED BY Q2. , The ERRoR SENSiNfr.fTjRANSlSTO^ . 

TTffl gj Yjrfcfonfffi 

The • 1 v on-4v Ripple passes through Q 1 And appears MljoiE, 
output As 12. *iv + • I v o<cI2*IvT‘4v = I2*2v _l2-5v 

<2 \s the "output volts" potentiometer Anq Will $e set to 
PARTIALLY torn ON 6)2 To PRoviOE THE ORIGINAL EQUILIBRIUM Of 
12.* Iv -The *lv Ripple will torn it on harder. the voltage on 
The COLLECTOR, will DECREASE &THIS (WILL TURN Q2 VERY SLIGHTLY. ..L 
-rtfc EMITTER/ WILL fOLLOW Tf/E <3/?S£ VOLTAGE StJT WILL BE H80OT *6y 
TtSs action OCCUR/S very RAPlOLT AhOCAN fOLLOW A RIPPLE Of 
/ HIGH fREQVENCY SO THAT IT IS PREVENTED fROM APPEARING /N T^E 
[ OUTPUT. THUS THE CIRCUIT TAKES CORRECTIVE ACTION TO RESULT IN A 

M siH E "«STvS''E m* Will Sf To 20mV At 

\ toll load,using this ciRcorr. 

V jf you torn the to hole circuit ARouno 9 o° it will appear very 
Similar to AN EMitteR- Follower, CONFIGURATION : 


•4f The emitter will 
always Be bsoot *6v 

LESS THAN THE BASE . 


How a series Regulator, filters supple 
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liV this layout arrangement rr may 6e a little clearer To see 

AoW Q2. IS acting like A vARiASle Resistor, Between Collector, 
And Em itteR LEADS To PRoviOE A BASE Voltage VoR Q). 

wrttNQzdcTS LIKE 0 low vflLO€ resistor. -TWE «,f)SE of Q! 

TH/NK.S IT IS CONNECTED To THE CflTHOOE Of THE IZv 2ENER,. 

,-r THEN PROVIDES An OUTPUT VOLTAGE of )2v -;bv — lj*4V 

v!/H6n # q2 IS fl HlOH RESISTANCE TH£ actual" 6 ' 0 0 

TO THE 20v RAil And THE OUTPUT lS >9*4V. JN ACtvAL. 
OPERATION Q2 DOES NOT PROVIDE th is LU'DE A RANGE . 

THIS CIRCUIT DOES SuffER f ROM ONE SLIGHT DISADVANTAGE •'‘J HAS NO 
OVER-LOAD PROTECTION OR SHORT-CIRCUIT PROTECTION • THE NEXT 

Circuit attempts To Fulfill THESE Conditions. 
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HOyggLioftri I p[g A-ijF 

THE TWO PREVIOUS CIRCUITS PROVIDE Z OUrof 3 0 RE QUIRE MENT SfOR fj Q 
GOOO POWER, SUPPLY. )HEY PROViOE SMOOTHING & ^ E |rk fl 7jf?lioLrwT 2 
circuit Also HAS SHORT-circuit protection 1 The 3 
TeWtoRE ro &VU.D INTO A POWER, SUPPLY 15 OVERLOAD ^OT^CT/ON. 
OPTO NOiO THE ONLY FEATURE Limiting THE MAXIMUM CURRENT iS.THE 
CAPABILITY Of the POWER, TRANSFORMER ^O tH^CURRENT RATING OF 
THE POWER TRANSISTOR, fl SHORT IN THE OUTPUT WILL ALLOW THE 

maximum To 6£ up to iotimes The normal current 6 this mill. 

CAUSE OVERHEATING AND POSSl&LE DAMAGE TO MANY Of THE COMPONENTS. 

OVERLOAD PROTECTIOM SHOULD ALWAYS ^nT N P^°WMT E R J cISc vJ?uR 
SUPPLIES DELIVERING MORE THAN 1 AMP, NOT ONLY WILL IT SAVE YOUR 
POWER SUPPLY FROM D ESC RUCTION BUT PREVENT POSSlS L£ FlRE RISK 
j^aREpUCE FURTHER DAMAGE TO THE EQUIPMENT BEING SUPPLIED. 

protection Comes in TWo different Forms.The simplest IST ^ nw 
UMDVlpfc, « CIRCUIT BREAKER OR FUSE IN THE OU^AOT ^' 5 PJJ-L BLpWj 

when the current Rises approx 3o/ 0 over the recommended max. 

ONCE TRIPPED; THE CIRCUIT WILL NOT RESEtHt®.. 

Manual RESETTING OR REPLACING THE FUSE, i HE OBVi0Vp ] j i LI 4-44 
OlSAOVANTAGE WITh’THIS IS the INCONVENIENCE 91 P c^c Jt ^ V crtll!oMfeK- 
ThE FOSE. IN ADDITION To THE SMALL COST OF A f^ E ,^ £ n E ^'^ T 
IS OUT OF ACTION For AN INDETERMINATE (UNKNOWN LENGTH) PERIOD OF 

£XT XX-LL1^ j +1 44+4 

ISEING electronically minded, we wouldn't Tolerate this 
arrangement for very long, so An electronic overload is the Answer,. 

To PROTECT A SERIES REGULATOR FROM EXCESSIVE CURRENT OVER LOAD WE 

IcAN-BOD the 3 components shown-.-— 

^output 
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AT SOOmfi THE VOLTAGE &E1WE 
12-65 - JJ-5 = i-05 Volts. THU 


the Diodes* do not have any 


N Points ft fau 
IS < 5rr ill. gELOv 

:ccc7»t d-r -ruic < 


. - - l*2vocr 

EFFECT M ns CURRENT 5 


THE VOLTflGE DIFFERENCE 
. aeTwsw-ntet iE TWO P 



0T 550 m ft THE VolTA&E LEVELS ARE SHOW i\/ W THE D 
THE TRANSISTOR .HAS TuRnIEO Ot\/SLIGHTLY HARD" 
the current ano this has produced a voltA' 

OF 12*7-11.45= l'25. NOW THIS IS GREATER, 
permt And Any further Attempt at /nqreae 

WU-L. LOWER THE OUTPUT PRAMATIcAuM ' i LI 
YoO SEE THE DIODES ARE NOW COMING INTO PLAY 
Across them HRS riscn To l-Z Volts. 

Any INCREASE IN CURRENT will LOWER THE OUTPUT VOLTAC-tf (doe 

To the Voltage drop across the U I Resistor^ fcuT this voltage 

will now fct PASSED STRAIGHT (SACK. To THE SflsE V>fl THE DIODES 

And this u>/ll turn the transistor. off. This will G\ue ft 
lower output Voltage. 



THe net Result (Dill <3e A Reduction in output voltagf such that 
The MflMroum Current Flow/ng will not exceed 550 mft. 

LAs you know A lower Voltage applied To the load will Result in 
A LOWER CURRENT flow - DUE To OHMS LftU)J 

tare the extreme case of A suort -circuit.* 

: | ; 1 11 .Jl 

^THis Point will 6 E DRAWN down To VZv 
Ano LESS than .6v ioill APPEAR ON 
the output^ And the current in 

the short- circuit Will 

6 >E .SSOrnA- 
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The MAIN DISADVANTAGE WITH the Previous method of protecting 
THE circuit AgAinST overload WAS THE VomhGC DROP NEEDEDTq 
OPERATE THE SENSING CIRCUIT. FROM NO LOAD To FULL-LOAD H •bV 
REDUCTION IN VoltAGE loAS imtRooUCEO. 

This ‘Stability IS not GOOD ENOOCtH For Some equipment. TAKE ft 
TV SET For /NST^NCE Some sets ARE DESiSNE D On 6 RAIL VOLTAGE 
OF ONLY IJ Volts. ACH&nGE OF £VEN '2 VoltS Will CREATE lack OF 
WiOTH OR HEiGHT • SO IMAGINE THE EFFECT OF *5 VOLTS. 

(THIS CHANGE IM VOLTAGE Uoulo RESULT FROM THE VARY INA GPiGHTnESS 
Levels &-THIS COOOLD ALTER THE CURRENT REQUIREMENTS). 

A correct Limiting Circuit can &e Placed on the inpot side of 
The PASS TRANSISTOR. WHERE IT TOlLL HAVE TH& LEAST EFFECT ON 
The output voltage. The Following circuit shows THIS: 

TT 7 TTi si rT l f I * I t ! i t * i I ' t « 



THE EMITTER 
WILL 6E UP TO *6V 
LE&S T HflN THE 
8fiS£. _ 




This is equivalent To 


)N THIS CIRCUIT 01 IS THE SERIES PASS TRANSISTOR Q2 IS T He 
SENSING AmPLjf/ER, AND G?3 IS THE OVERLOAD DETECTOR. 

V/E HAVE SEEN Hou) 02 OPERATES. IF IT WERE REMOVED And THE 
ZENER DlOOE CONNECTED TO THE 8ASE OF Ql. THE BLEED CURRENT 
UiOULD NEED To fe€ n AT LEAST 10 TIMES GREATER. (SEE THE PREVIOUS 

reasoning for “this) qz serves to amplify The voltage it 
OETE.CTS ON ITS 6>ASE To SUPPLY Ql UjitH THE flctofluy 

REQUIRED CURRENT As Q I Uiill NEED At LEAST the current 

20mA SASE CURRENT & POSS)SLY MORE LIRE 50mA. 

'This Allows 'the zener Oiooe to have a lower bleed correwt. 
unoer normal conditions Q5 is not turned on And Plays no 

PART IN THE OPERATION OF THE CIRCUIT. 
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The If. IJL RESISTORS IN PARALLEL Combine To FORM A -25 JL 
Resistor, 8nO when the correct AppRoflcHES 2 Amps A Voltage Of 
•25" x. 2 = *5 volt Will develop Across THE ComBinAtion THIS 
SEG/HS -7bT orn ON Q3 And if THE CuRRE/VT increases Further, 

<33 WILL TTRN on four To SHORT'OOT MOST OF THE 2ENER, OlQDE 

voltMe. The SAse of Qz w/ll then see a voltage as tow #9s 
2 - 4 voirs. The emitter, of 02 will follow this fall wita 
A VOLTAGE On its emitter, OF 2*4 - 3'4 VoltS .THE OUTPUT OF Ql 
Will REDUCE To I S -2-6 VOLTS . t •: 1 

IF THIS Low VoLtAGE IS CAPABLE OF SoPPLYI/VCt The X 0MPs flS IN fj 
s»HoRt-circuit CoNomoK. The circuit will Rema/a/ intw s 
SHUT' Ooujn MOOE. THIS MAY BE PROTECTING THE EqoiPMElV/T BE/N<* 

supplied But the power supply itselt- will 6£ suffer mug 

GREATLY AS COE SHALL SEE IN THE MExT SEC¬ 


TION . 


Powed-loss IN fl SERIES REGUlftTOft 



The series pass transistor Ql can be thought of 0$ R Kesisto*l 

COHEN CONSlOEdlNCr TH£ POWER LOSS IT MOST DISSIPATE . 

-TARE -THESE T HftEE CASES : j M|Tj ; TT 1 


2Q\/ 



wp 


JN/THESE 3 examples fl 6£C, the outputs are l5v 12 v £ 5V 
@lAirjp (OHiCH TRANSISTOR Will HAVETA€ GREATEST HEAT LOSS ?" 
IN OTHER WoROS WHICH TRANSISTOR Wl-u HEAT uPTHE MOST? YES* C 

-The reason vs simple .T^e transistor is propping the most 
Volt AG t (of the 3 casels). Tfie transistor is effectively A DROPPER, 

IJMspflaRL .QiSSvPflTe HEA T LflO.. 

liVeflsE fl THE voltage Across the tRA/vs/stoR, is 20-/5" = -5 Volts 

Rno the wattage being dissipated is 5*1 *s 5 watts 

In case Cthe WATTAGE is 15 watts — A considerable increase . 

if the output of a Power supply is short-circuited the whole input 
Voltage Will &e oropped across Tie Power transistor And will 
Result in enormous heat/ng proSiems For this reason the 
REGULATOR TRANSISTOR MUST Be EFFECTIVELY HEAT SinKEO. 
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THE QP-RmP in Power. SUPPLIES 

FiRSTLY A LOOK* fit Th£ "TRANSISTOR' VERSION Of AN "ERROR SENSOR" 
•Then we will set how An operational amplifier Tits in. 

Tfit circuit shows a series pass transistor. 2n3o55 Ano An " ERROR, 
SENSOR 1 1 transistor sc 64-7 ( WIRED - To FORM A FEED-SACK. REGULATOR,) 



"ERROR SENSOR 
OR 

EEED-8HCIO 

REGULATOR 


THE WAY in coHICH THE CiRCOiT u)ORRS CAN €>EST S€ EXPLAINED WITH 




SERIES 




—- 

REGULATOR 




Z enev 


Re-9 



V OUTAGE 


ERROR 

AmPlitieR- 

& 

ComparctoR 


S 

,AMPLE 


fi 

J 

,d i 

*- 

osymooh 


THE AID Of A (SLOCK, DIAGRAM. 

THE SER'ES PASS TRANSISTOR CAtJ 
fee considered as a vaRiASLe 
Resistance, so that at any 

STAGE lT HAS AN '''EFFECTIVE 
resistance" & A VOLTAGE IS 
Oropped across The collector 
-emitter leads (c-£ junction) 

If THE CUfrENT OEMANO (.THE 
CuRREnt THROUGH the load') 

INCREASES, T-HE VOLT ACE 
ACROSS THE PASS TRANSISTOR _ 

CC-£ leads') increases & 
the output volt ace To the Lof\o would decrease. 

The RESISTORS R-, Form A VoltAge DiviOER, Across Tit OUTPUT, & 

the centre ARM Of THe J vARiA 6 L£ RESISTOR, R* Will OCTECT THIS DROP 
IN VOLTAGE. £nOT TH£ fULL VOLTAGE OROP BUT STill A VOLTAGE DftOPJ. 

iNrrfALLY Q? IS acting as A COMPARrroR, COMPARING THE ACCURATE 
2 EMER REFERENCE VOLTAGE With Th£ * SET V 0 LT 6 j TO control THE 
VOLTAGE on THE SASE OF Q| . 
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WHEN THe POWER' IS APPLIED, Q, IS FULLY TURNED ON Via, & THs: 
OUTPUT VOLTAGE Rises until ^ TURNS on VIOuTHE VOLTAGE ON-The SLiDGFC 
of R 2 . The 6 c 64.7 is PRooucing a voltage drop SETwecM Collector. 
AMO Emitter terminals AnO THIS IS ADOEO TO THE ZENER, VOLTAGE. 

The liASE of the 2n3055 "sees" this Voltage and produces pn 

OUTPUT AT THE EMITTER. WHICH IS -6v LESS THAN THE 

vo l^ age . II.1 nj-Xi-IXI-I .| T - ...nT 

th/s output Voltage is passeo To the 8 c 547 R-fhl z; z-^ transistor 
mAY AOOOST ITS Collector voltage until A State IS PRoouceo 

UHiCH IS STA6LE FOR THE SETTING OF R, 2 . 

if the load-current /ncreases, the voltage on the i 6 ase qf 
falls slightly Turns off slightly so That the Voltage 01 V 
The 6ASE or Qi Rises via R a . Q, Turns on HARDER To increase TA£ 
output Voltage. 

the "error amplifier'' is well named, it detects any difference 
between the zgner voltage &the reference voltage, if the 
reference voltage (_known as the error sig-nal x changes thf. 
transistor Amplifies This ^&nhl And feeos ' it 6Acr To The 

6ASE OF THE SERIES PASS TRANSISTOR Tp ADJUST ITS EFFECTIVE 
RESISTANCE n 

The same error detection can be 

TlRSTLY LETS LOOK AT ■■ 

How thf op-amp Works 

The 3 Signal lines ARE; 

INPUT 


PROOUCEO 6Y An OP -bmp, but 



• Op-AMP SYMBOL 

op-amp diagram. 

The OP-Amp loe voile p,e using 
•s 0 741 OP'AMP. 

We-WLLLfie using the %Pin 

VERSlOlsI f 




offset_ 

NULL 

1 (j 8 


1 

invert/n&._ 

INPUT 

2 2 7 

1 

VOH-INVERTING_ 

INPUT 

3 N 6 




V“— 

T 

ji c 




*r u 


- NO CONNECTION 

-v + 

- OUTPUT 

_ OFF SET 
NVLl- 


z - 

3 - 
4 - 


— 7 


-6 
5 


THE /M 74/ OP-AMP 
The 74-/ OP-AmP is oesigned 

To OPERATE FROM A SPLIT 

Power supply; 
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. D v To OPERATE AS flM inVERT/NG- v 

•H cbi 4Ntch iq Td OvInon inverting Amplifier, 14 To Ov) 
f&RENTtflL AMPLIFIER'S PER DUR NEx.r POWER SUPPLY 



H flSHN INVERTING 


74i: flsi 6 koNiiAviftrim J 

AMPLIFIER.. 


.raj fls 9 

DIFFERENTIAL 

Amplified 


'THE OP-AMP IS DiRECTLV COUPLED THROUGHOUT ANO HAS 9 VERY 

SOM gAin. (typically ioo.ooo) and this mares them very 

SEN$aIV£ X IDEAL 95 "ERROR SENSORS ,f SEC90SE THE SENSiNG 
Wmqe for the op-amP is only About joo micRo- volts, hs shoWM 

in THE GRAPH SELOV;LJiznil .IXi Ll±l . 

The Following graph shows how THE output voltage changes 

.]i^0lD]N^j.SpffiMapfflElflkQm TWO iNPUT$_ i i 


-W& SATURATION 


the out pot Voltage 
}s» Positive WHEN 

.THk .. itJNgut -is; . f Li 

)HiGl!l£^ir9flH THE. -r* L 

i . uiHEN the difference between 

ZERO. AS THE VOLTAGE ON THE + INPUT 

.. r -. rE1 im x®-EiH3 is taken t<? the 

b ul eL: SE-JoiJrc4>-Uir^4 v\lr.iiiu-i sia4ir.TjQ ,xerM_ f 

, , , .., ■. ... j .i.r. it 

IF THE - INPUT is TAKEN NEGATWE THE OUTPUT WILL GO MINUS. 
IF THE -V INPUT IS TAKEN To THE ^AME NEGATIVE VALUE , THE 
OUTPUT Will Become zero . l Volt si). J. J J-U.-Li-L L .. . L-LL-i. 



HERE ARE .SOME EXAMPLES : 


Iv ■—»- LOW 6v 

irHsim: 


-\v _P>N. HIGH 

Wm 
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Two Points need expMiijnjM - 


CO Two Power. Rails For the OP-AMP rtuv. not 
DIFFICULT To 'SEE How T«E oP AMH T)NCJ 

ty) Resistor. R a H/js bccn omitted.-u>HY r 



n 


DRAWN/ <£ IT Mi,r 6! 

!OMb. L_L_LL 



When the power rails tor, the 

0P-AKP ARE INCLUDED - IT IS 
EASY TO SEE COHERE THE 
OF THE 2N3055 GETS 
'Turn on 1 ' VOLTiHCtE fefi 
THROUGH THE OP AMP F 
Rail ( Pin 6. 

&Thi$ means fta, »s> Not Required. 

rTtTTTM T m n HiTF 

H± 

WHEN THE CIRCUIT <S SWITCHED 0 i\/,TH£ VOLTAGE ENTLRilVGf 
-The non-inverting input (+)toRnsTHe op-amp on Fully To 
ORWETHE 2 n 3055 INTO Full Conduction/. The OUTPUT OF THE 
Power supply Rises until the feedback, volthge from the 
* Aooo st " control R, reduces the torn-on voltrge from the 

OP- AM P & THE OUTPUT VOLTAGE SETTLES To THE "SET* VOLTAGE. 

Buffering- the op-i9mp 

An OP-AmP is capable OF driving A -2n 30 55 directly . This will /[ > 
produce Pi power supply with Q limited output cuRRE/Ut 
HERE IS (OHY : 

THE OP-AMP can DELIVER AGOUT 26mA. THIS CURRENT Will DRIVE 
THE 6ASE OF THE 2N3055 * If THE CURRENT GAi/V OF A 2N30S5 >S 
20. the output of the Power SUPPLY will ge 25 >-20 = 500 mfl. 

To INCREASE THIS CURRENT WE NEED AN AMPLIFIER AS FOLLOWS- 

2N3055 


1000 

mfd 


( 

k . 


31^7 

7 

-Jj^T 
_ PV^ 

\5vll /n 


j 2 ener 



Power, supply w/th current amplifying transistor, Q z . 
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THE DRWE& TRflHSLfrTOft, 


.1 j. 1 JcTT Dicker 

"The previous page con-toineo ft ‘slight mistake in/the Power, supply 

^^E°&C.547 G( CvjRaEtUT AMPLIFYING TRANSISTOR WILL WORK, fevn ITS 
ftfbiuTY Tt> OlSSiPftTE “THE POWER, Will 6& INADEQUATE . 

HERE'S WHY: 

tI TTIiTTTTTTTi T I j L LJ ;• 

"TftRiMQ THE CASE WHERE THE GREATEST POWER, IS SEiNG OlSSiPflTEO 
( LOST j irvlTHE SSR\ES PASS TRANSISTOR Q, (2 nSOSS) TTHE CURRENT 
ftMPL iFY lNG TRANSISTOR, Ql ^ ' ru = e-tfcoTfcVr ' 

"This APPLIES WHEN the Ou 
2 am PS. 2N305£___ f\ 

\< 2b3v » 

'TtT— r 


MINSIS^OK, 1-4N6UUOJ , I Ht 

. Also has the greatest loss 
OUTPUT IS G VOLTS fiNOTHS current 

£^JcD CIAmPS. 



jTTjis is The Transistor, 
We ARE LOOKING I WTO- 


USiMG A I 5 v - 0 -l 5 v TRANSFORMER, & 2 O 10 QES/ 
-TAE VOLTAGE-OUT TROM THE OlOOES Will ftE: 

= *71 *30 

= 2/‘3 Volts. 

the Voltage between) points f)<SS will $e : 

= 21-Z -6-6 
= / 4*7 Volts. 


the dR'Vinc correct F°R Q| will 6£ • 


2n3o55 


2 Amps . 



-to get ramps to flow through 
the collector-emitter circuit 
we HAVE To Provide Current mVto 
-the A)AS€ circuit. THe Amount of 
ftHSE CURRENT WILL DEPEND ON 

-The "Gft/N "op the TRANSISTOR. 
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SftSE COGENT : 
2 Amps 


TpR A aN2065 ITS QAlN IS ABOUT lO'lOO 
THIS MEANS CJ£ NEED QnlY Af&OUT f m O 
/iooOf 2AMP.S IMTOTHE BASE To <jfci 
2 Amps To 'FLOW IIS/' THE COLLECTOR CiRCi 


GcAiN Of THE TRANSISTOR, 

Hv£ IE/THE CtfllN &UE WILL CHOOSE A VALUE Of -80. 




- Z- OmPS 

zo 


= 100 


mfl. 


"THIS CURRENT MUST 6E ‘SuppLieo BY Q 2 

-the Power. Dissipated by Q 2 • 

= 14.7 * • I watts 


^Power - Volts * AmPsJ 




47 watts. 


Clearly this is greater, tham the ability of A 6C647 as it can 
only Dissipate 500mLj. — with A HEATSink, it can'BE OPERATED 
-To ABOUT IlUATT ftUT TO &E OH THE SAF 6 Slot IT 'S AOVisBfcLE To 
USE A TRANSISTOR/ such AS &CJ 39 OR Tip 2,2 AS-THESE HAVE A 
MET AW TLANQE COHlCH CAN SE JOLTED TO A HEATSINK,. 

~TftE minimum Power, Dissipated &Y Qo will occur, loHeW THE 
OUTPUT IS 15V. fORTT) is CASE The LOSSES IH Q z LOILL £>£ ; 


=2l-Sv - I5-6V 

= 5-7v. 


R= 


Power, Dissipated &YQ 2 will se: 
- 5*7 Y* 


- -57 WATT 1 


„TS. 


4444 

hills SHOWS 'THAT AS THE OUTPUT VOLtflSE IS REDUCED FROM )5v 

to 6V, the Power, lost in q, BcQ 2 increases. 

-Tffis seems logical.'The Transformer&rectifier /s 
supplying a constant amount oy enerqy. if-this power, 
not SEinq used ^r-niE load, it must be lost in -the 
REGulATinq- network,. 
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Ed SUPPLY OESlGN IS To Limit the output 
t- Circuit conditions. "This is Achieved 8y 

NTS SHOWN IN THE OOTTED &LOCK/= 

-■2N3055 



Power, supply with current limiting-. 

the maximum output correivt is determined By the -5-Ol,. 
ft I Jl RESISTOR will Give A 600rr>A SUPPLY , '5-0. Gives A 

I Amp supply & *25-0. Gives a 2Amp supply (Approx.) 

DURING NORMAL OPERATION (ufTO ABOUT I AmP with the *5-0. resistor) 
The current limiting circuit ooes not come into operation at All. 
its only EEfEcr is The *5v oroP Across the *5ul resistor. 8ut 
-This -5v drop is taken into account 6y the sensing circuit 
6EC0USE THE OUTPUT VOLTAGE IS DETECTED AfTER ALL THE DROPS i N 
VOLTAGE HAVE TAKEN PLACE IN THE REGULATING COMPONENTS. 

THE CURRENT RISES OVER 1 AMP, To SAY I*2 AmP,TH£ VOLTAGE 
ACROSS THE *5-0. RESISTOR INCREASES To *6v And iS PASSED TO 
Q3 WHERE IT APPEARS BETWEEN THE BASE & EMITTER LEADS. 

"THIS VOLTAGE WILL BEGIN TO TORN THE TRANSISTOR ON SoTHAT THE 

Voltage at the collector will be drawn ooun slightly, this 

t<s DUE TO QS BECOMING EQUIVALENT TO A LOW-VALUE RESISTOR 
& -THE EMITTER VOLTAGE (ioHlCH IS EQUAL TO THE OUTPUT VOLTAGE 

of the power supply) will be lower Than the voltage on base o^ 
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-s-i— 77r-:r 1 1 1 ! ..i i 

THE lOQR RESISTOR/ IN THE SASE LINE ALLOWS THE CURRENT- LIMIT 
TRANSISTOR, TO OPERATE in its Tull SATURATION MODE. WITHOUT 
<2>£inG over-stressed with an excess rase -emitter voltage 
WHICH mAY OCCUR, WHEN HIGH CURRENTS FLOW THROUGH THE 
•5-£L RESISTOR. 

How the current -limit transistor works 

"This TRANSISTOR can g>E CONSIDERED ASA COMPLETELY SEPARATE 
CIRCUIT. To MARE IT EASY To fOLLOW THE OPERATION OF the Circuit 
WE will Turn it around & OVER THUS : ' Jj| jjj f Tjj jjjj 

J 2 - 6 V 


tZ<N. 



THE CURRENT-LIMIT 
Circuit extacted 
From the previous 

OiAGRAM . 


flSFAR AS THE 
/ /transistor IS 

• 5 v / concerned. The 

I transistor ^sees" 

T J A VOLTAGE OF *6v 

I2 V - across the 

*5-ft RESISTOR. 



the same circuit Turned around 

To rnHKE IT EASIER To SEE HOW THE 
TRANSISTOR IS OPERATING. 



^ThIS IS the voltage AS 
Seen ISY THE TgANSlSTOR . 


THE TRANSISTOR SEES *6v ON ITS fcASE (with ££<o?£CT To THE 

emitter lead) And This is all that matters To the transistor. 
Yoo will now Se aisle to see WHY The transistor turns on . 
The ioor resistor is only a suffer resistor to prevent Excess 
current flowing through the sase circuit when the power 
Supply is in Short-circuit Conditions. 

THE lOO-A. RESISTOR CAn 8E INCREASED To IK. UM-rHouT AFFECtjnG 

the operation of the circuit —That's what we mean i3y r 
(JufFER RESISTOR. 
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TTT 


ffi 


j.I.i. 

nr 


The operation ot the 0P-f9MP 

WHEN THE OUTPUT CURRENT INCREASES,THE OUTPUT VOLTAGE will 0RoP 
slightly QDUE TO THE ORoP across the. -5-0. resistor) and THE 
OP-AMP WILL &E TURNED on harder,. During An ov/erloao 

CONOHIOnJ THE OP-AMP will 0E DRIVING THE BASE (T $2 fULLY <V JO 
PREVENT the OP-AMP SEiNG DAMAGED WHEN THE OUTPUT IS SHORT - 
I CIRCUITED, WE HAVE ADDED A IK, RESISTOR. (To OUTPUT P/N N*6) 

the current-limiting circuit will se especially appreciated when 

A SHORT-CIRCUIT OCCURS AS IT WILL L/MIT THE CURRENT Tb ABOUT 1*2 AMPS. 
WITHOUT TH/S CIRCUIT THE CURRENT WOULD &E CoNSlOERASLY GREATER, 

AnO MAY S£ EVEN 3-A-AmPS DEPENDING ON THE ABILITY Of THE 

/* ——Tu er mooc 


>*- uvun o * Ir ^ ^ w, ^ 

-ier, to supply the current. 

,.XJ~l4-4-i4--4--+--f4--44 

r THE CURRENT LIMITER. 




when the output is SHORT- CIRCUITED A CURRENT of H600T J-2AmPS 
WILL 6E FLOWING in THE *5JL RESISTOR To K.EEP THE CURRENT -L IMjTER 
TRANSISTOR IN OPERATION. 

« 1-2 RMPS 



-The Voltage at th/s Point will adjust itself 
T o TuRN ON Q£ so that Qi passes 1*2 amps, this/ 

Turn-on Voltage comes from the op-Amp <& IS 
controlled sy Q3. 

The power supply in short-circuit conditions. 

This MEANS THE SERIES- PASS TRANSISTOR Q\ Will 6E DISSIPATING 
AVERY HIGH WATTAGE (WHICH WILL EVEN HIGHER THAN ITS 
NORMAL OPERATING OiSSiPATion) . foR TH/S REASON An IMPROVED 
SHUT-DOWN IS REQUIRED To LIMIT THE LOSSES IN THE REGULATOR 
WHEN The OUTPUT is SHORT-CIRCUITED. 
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lflMP POWER; SUPPLY WITH ELECTRONIC, TRlP 


The electronic TRiP ioill only come into operation when the 
VOLTAGE ON THE BASE Of Q3 IS BELOW THE ZEN Eft REFERENCE 
VOLTAGE. LOHEN this OCCURS THE TuRN~ON VOLTAGE FOR THE 
LIMITING TRANSISTOR DOES NOT COME FROM FROM THE VOLTAGE 
DROP ACROSS THE *5-0- RESISTOR, BUT FROM THE "BLEED CURRENT 
keeping THE ZEnER in BREAKDOWN. IN SHUT-OOWN THE output 
CURRENT FALLS TO A FEW mft 4 WILL START-OP WHEN THE SHORT ISREMOVED 


54 

















































































E REGULATOR 

We HlW COVERED IS CALLED THf "fftOWT-END 


OJ aiMoosu TT2.rtiNj &vh ce.RrrrtiNuv not qooo enough fo#c 

YTHlNG ELECTRONIC. 

n I&N6C06D is flH fllokiiikeL stare or smouthins - anotthis 

Tvoe^-'Trie^ 




IvdE THESE N/OtTR^E 
'le% circuit, it contains a v< 
IqEfBCTqRl. ■pfe fefaL>- 1 - 

4 .. 


iniPS i ifc fl COMPLETE & III 
IGE REfERENCE , A CORRECT 

rT . n -.. „„_ CuRA©v/TtP>SS -TRANSISTOR., 

ELECTRONIC INGENUITY COSTS ABOUT ONE DOLLAR/ AND 
PRICE, THE REGULATOR IS -a very cheap investment. 



AN 8€ 

‘ BRIDGE 

SMOOTHING ELeCTROLYTiC AND Of) ^ 
yStTRGtfe REixOLATOft. CHIP. THIS TURNS R POWER. SUPPLY INTO 0 

J simple project So that even a Skinner can suilo R iamP 
Tolly regulptteq power, supply* ~fo power hi:s projects. 

&ASICRLLY A VOLTA^e REGULATOR/ IS A SILICON CHIP MOUNTED 
ON R PIECE Of METAL & ENCLOSED )W AN EPOXY PACKAGE. IT IS NOT 
NECESSARY To know how it works internally but it is 
IMPORTANT To CORRECTLY CONNECT IT INTO A CIRCUIT & PREVENT IT 
fctlNQ OVERLOADED WITH CURRENT OR VOLTAGE 

THE MOST common REGULATOR/ IS A 7805 . THIS IS A 5 VOLT 
REGULATOR/ WHICH MEANS ITS OUTPUT IS 5 VOLTS. '™J_ 0t *££' 
IMPORTANT CHARACTERISTIC of A REGULATOR IS THE CURRENT RATING 
( 1*5 AmP in THIS CASE). 

THE CIRCUIT SYMfiOL TOR A REGULATOR IS A RECTANGULAR 8 OK 

The type-nomser is written inside the 8ox. 


7805 


THESE TWO DIG nr S 
INDICATE A "P 06 ITIVE 

voltage" type 






COMMON 


TI«ttS TWO DIGITS 

■ indicate the voltage. 


The REGULATOR. OBTAINS The current JOR the Oftcoir inside 

THE REGULATOR EROM THE IN TERMINAL (RnoTHE COMMON TERMINAL) 

And Thus only 3 terminals are needed. 

x fLOW_. 

.uR(Lt. v" — ^ -nog is the direction of the current 

-i , I ^ fLow. Almost n /0 current f lows 

Tl 7805 P^t in the common/ lead y only just 

BNQUCrH Tp OPERATE- - ' THE 78^6- 
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fl fuLLY- Regulated Power. Supply ^ 

I5v 

4-X/N002 



7Sx X 


7805 , 7^/2 
78'5 etc .. 


Good smoothjng in this 

S6CTJ0N MAKES IT EASIER, 

FOR. THE REGULATOR/ TbG»u/£ 

, RlPPL£-FR,eS OOTpor. 

The '7fcxx series IS A RANGE of Positive REGULATORS HAVING a f|*|6 
output Voltage according to their, code number,. type 7805 has A 

5VOOTPOT, 7SIZ HAS 12 V OUTPUT & 7&I5 HAS I5v OUTPUT. 

[ To OBTAIN A NEGATIVE POWER, SUPPLY, WE USE THE "79" SERIES WITH fl*7 
Similar Voltage Range. This will 8e explained in A'later. Course. 

THE INPUT VOLTAGE 76 A REGULATOR NEEOS 
To 8>E AT LEAST 3v ABOVE THE OUTPUT 

Voltage. Ripple^swould be kept below 
I v P-P on full load. With these Conditions 
MET, THE REGULATOR WILL SUPPLY 5V0ltS 
@ I AmP w/TH only ImiLLivoLT Ripple 

_ „ _J_ rilr / io Ur *TTHIS means 

this Represents smoothing of 1,000 input ri pp/£ 

input ripple And would require over, 

100*000 Mfo To PERFORM THE SAME TASK. 

THIS ELECTRon/C SMOOTH/NG FAR OUT-PERFORMS CAPACITOR SMOOTHING 
FOR COST, SI2E £ EFFICIENCY. The REGULATOR Also PROVIDES US WITH 
THERMAE SHUT-OOWlN $ OVER-LOAD PROTECTION. 

We should Always keep the current demand below the 

MAXIMUM! RATING of THE REGULATOR, As ITS SHUT* DOWN ABILITY 

leaves A Lot to be desired, if the outputof the power- Supply 
is shorted.the REGULATOR BECOMES extremely HOT And WITHOUT 
A0EQUA1E HEAT SINKING, WILL 8E DAMAGED. 

“ID KEEP 3-TERMINAL REGULATORS OPERATING in their REGULATION'- 
mode, we must provioe Good smoothing before the input pin. 

"This means "The “Transformer ‘should *or be overloaded oR/ 

OPERATED Too NEAR ITS MAKlNuM RATING. 
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fl 3 -Terminal Regulator can se fitted to A centre -tapped 

RECTIFIER CIRCUIT WITH PERFECT RESULTS . THE TOP DIODE SUPPLIES 
The current (anoofcourse the voltage) during the First half ctclE 
&The lower diode provides The energy foR the, second*half cycle. 

IN THIS CIRCUIT, THE OUTPUT VOLTAGE IS f/TED AT 5 V,( ACCORDING TO THE 

voltage of the 7*051 To supply i amp €> 5 v the regulator w/ll 

NEED To BE MOUNTED ON A HEAT-SlNK, ABOUT THE SIZE OF YOUR HAND 
& As -THICK. AS the boroer, OF THIS page. 

increasing the output voltage 

The v 7S^"series are Fi*ed 3terminal regulators, however, 

THEiR OUTPUT VOLTAGE CAN 6E INCREASED BY A SIMPLE METHOD. 

&Y INCREASING THE VOLTAGE ON THE COMMON TERMINAL WE CAN 
increase the Voltage output without affecting any other, 
charagterists with A 7S05 the output is maintained at 5v higher 
than the common terminal, by providing a voltage-dropping 
network on the common terminal we can increase the output 
to 9v , 12v OR even HIGHER. 


The two resistors 
VbfcM a voltage - 
DwjoerTo "^ACK-uP ' 

'The Voltage on the 

CotMMOlV TERMINAL 



SET OUTPUT VOLTS 


(VERY little) 

Since there is no current being DRAWN ST The common terminal, 
we MUST PROVIDE A VOLTAGE - DROPPING NETWORK FROM THE 
OUTPUT'TO' GROUND To PRODVCE THE REQUIRED VOLTAGE. 
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INCREASING THE CURRENT 

-rfe 7805 is l/miteo To A 600 T 1*5 Amps .WE c«n/ design A circuit 
-T o SoPPLY A higher CURRENT (2-5AMPS). A CURRENT OF -2 OR, 

Mode AMPS IS OFTEN NEEOEO FOR. CP, RADIOS COMPUTERS, £ CONTROL 
EQUIPMENT. A CURRENT BOOSTING CIRCUIT DESIGNED AROUnQ A 7$05 
CAN BE USED. ^ ^ 

,tfOT£'.T&iS IS ft PNP TRANSISTOR. 



flfi-iEO 5mt Power, supply 4AmP. 


This ciRCoiT USES A Tip 2955 OR MJ£ 2<?55. IT IS A 100^ PNP TRANSISTOR 
CAPABLE OF HANDLING 4--5AMPS. 

BY USING A-TTLAnSISTOR AS A SERIES-PASS OEViCE UJE Crm OESlGN 

The circuit sothat most of the current flows through the 
Transistor, And very little through The regulator,. iHis means 
The regulator Requires very little heatsinking 8o t it also 

INTRODUCES THE FACT THAT CURRENT LIMITING IS NOT AVAILABLE AnO A 
FUSE U»LL &£ NEEOEO IN THE OUTPUT LINE. 

Mow the circuit works 


The bridge Rectifier, consists of a set of 4-amp Oiodes 
Connected To a transformer capable of Supplying ABout 5 AmPS. 

The output voltage from The transformer, should ££ about io-I2v. 
The 56 oo mVd, electrolytic smoothes The dc volta&e to about 
2v Ripple on full lord. 

The secret of The current-sharing Between the transistor, 

Amo the regulator lies in the value of the base-emitter Resistor. 
BY using A 3RB RESISTANCFL.The mAwmuM CURRENT through the 
REGULATOR IS ABOUT 200mA. 

when a load is applied To The output, current is drawm. 

I nitally (meaning The First 2oomA of any flow)this current 

IS SUPPLIEO <SY The REGULATOR as The TRANSISTOR, is fully 

torneo off doe to the 3r3 resistor, having no voltage across rr. 
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Os I HE OUTPUT CURRENT INCREASES )0 200mfl,TH£ Volt flQxE 
QRoP Across jhe 3r3 Becomes *66v. This Voltage 6e&/ns 

"TO TORN THE "TRANSISTOR/ ON. flS MORE CURRENT IS REQUIRED P,Y 
"The OUTPUT THE OOTPOT VOLTAGE FALL s VERT SLIGHTLY DUE To THE 
TRANSISTOR/ SEing only PARtly Turned ON. The 7805 SENSES 
THISOROP And DRAWS Slightly MORE CURRENT "THROUGH THE IN 
Terminal. This EFFECTIVELY Turns THE TRANSISTOR ON haroer,. 

TT|E 7805 "thinks 1 ' p- HAS PROVIDED The Additional correct 

IN FACT , the TRANSISTOR HAS PROVIDED IT. This EFFECT 

will continue indefinitely. The only limitation is the 

"TRANSISTOR/, fcRtOGE RECTifieg, OlOOES AND THE CURRENT RflT/NG 
OF THE TRANSFORMER/. 

The 7805 WILL NOT SHUT-DOLJM AS THE CURRENT RISES BECAUSE 
ITS minimum SHARE OF THE CURRENT IS ONLY 200 mfl. THIS 
MEANS A 5 AMP FUSE Will fcE NEEDED IN THE OUTPUT LINE To 

Prevent the transistor, Being destroyed. 

The first 200mA of the load current is supplied by the regulator,. 
Further increases jn current are mainly supplied by the 
transistor, however a slight /ncrease in the current supplied 

SY THE REGULATOR IS NEEDED To TURN THE TRANSISTOR 0 /\J HARDER,. 

'THE increase IN regulator Current Would ££ IN THE ORDER, OF 
tmSo milliamps uhilethe transistor current /ncrease is 4 amps 
This indicates the narrow operating Voltage required By the 
Transistor, To change it from /VoiToperat/ng to fully 

OPERATIONAL. —IN OTHER WoROS, FROM CUT-OFF To SATURATION. 

How THE CURRENT IS SHARED 


PT ZO0m ft 


(appro*/) 



** ^ 55 iOOmfl 


& 

?°U 

Horn 


k -200 mA 


A*The 5 OmA 
can 6E 
Converted to 
A VOL-TAGC 
Across A 3 A3 
RES/ ST OR. 


fTmfl YooPERRTE THE TRANSISTORS /NS.JOE 
- I_ , THE 7805 . 
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VARIABLE VOLTAGE 4-AMP POWER SUPPLY 

WE HAVE SEEN THE METHOD TOR, INCREASING- THE VolTAGE OF A 

5v Regulator .this can also achieved with A I2v or I5v Type 

HOWEVER ITS DESIGNATED OUTPUT VOLTAGE IS GENERALLY THE LOWEST 

Voltage which caw 6£ 06TA/WED (via. fl Simple Circuit) and THUS A 5v 
Type is the best choice. 


Methods of varying- the output voltage.. 


A Resistor in the com mow Line will 

IN CREASE THE OUTPUT DUE TO THE ‘SMALL. 

current flowing (A60UT ?-lOmR) iohich 

IS THE CORRECT CONSUMED 6Y THE 7S05 
CIRCUITRY. 

The increased voltage from this 

CfRCUlT CAW 0 E OBTAINED FROM THE 
Follow iWg FoRoiulr . 

-r _ JE r - CURRENT IN 

4- ” ^ Rom mow cirvc 

' E = IfL E - Vol.taG£ RiSE 

R - Resistance of Pot. 
- -0C% * lOOO 
= % Volts. 



Increasing the output 
T o J5v 

>• VOLTflQE 


HOWEVER Tri/B IS WOT A VERY REL1A6LE OR, ST A 6 LE CIRCUIT. 
As The output*will vary according to the current drawn iSY 
THE REGULATOR CIRCUITRY. 

A M0R£ RELIABLE ARRAWGEMENT IS TO "swamp" THE with A 

Bleed current obtained from the regulator output. 

MAX VOlta&e RISE: 


The regulator 

PRODUCES A 
constant 5v 

ACROSS THESE 

Terminals . 




Therefore the correjut inthe^zor. 
Resistor, can se obtained from. 

1‘% = 4> * -° 22 7 

A. 
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CURRENT in common LirVE = -V Z 2 '~J mA 

£ 30 mfi . 

n/oltage drop across lie Pot - l*d 

- *030 *1000 




Ma*»moM ^Voltage RiSF 


30 v. 

= 5+30 
= 35volt. 


MM 




The ThiRD METHOD IS TO AOO A ZENER. OkODE IN THE 
Common line . this will have the EFFECT OF increasing the 
OUTPUT To THE SOM OF THE REGULATOR. VOLTAGE PLUS THE ZENER* 
VOLTAGE . 


7805 


I 


5v6 2, 


llVTH/S COSE THE OUTPUT 
Voltage loill. 8 e 

= 5Y5-6 

- 10 *6 V. 


An ACCURATE SET OF OUTPUT Voltages can 6 E 06 TA/NED > 3 Y USING- 
A SET OF Fl*£D RESISTORS IK PLACE OF THE POT AkO SELECTING 
EACH RESISTOR WITH A JUMPER LE AO OR ROTARY SWITCH. 



4 - pre-set output Voltages 


ONE K/OTE OF CAUTION iJlTH 
'This Type of ARRANGEMENT. 
The S.U 31 TCH MUST NOT 6 E 
CHANGED WHEN The power* 
ISON. IF "THIS OCCURS THE 
OUTPUT WILL MOMENTARILY 

Rise to the full input 
Voltage when the comMoiv/ 
line goes "open ". —This 

U)ill OAMAGETHE PROJECT 

You Are Power/ng. 


^ Do not REDUCE TrtE 500 R 
Pot to less than Z 50 R/ , 
AS rT WILL 6 urn OUT ANO/OR 
DAMAGE THE PRE-SET 
RESISTORS. 


























PREVENTING- OVER-VOLTAGE 


THE OUT-PUT VOLTfl<se CAN 6E SET To A Of 

this Circuit j 



I2v 6Y USING 
CALCULATING THE VALUE OF Rfl 


J\(qTE\ THE 
270-fi- IS 
connected 
To GfijovlMD. 


500R, 




OUTPUT iS I Zv MAXIMUM. 
TftE 270P, RESISTOR/ in THE IRv 

RANGE IS PERMANENTLY 

connected 'in-circuit! this 
means THE COMMON cine is 
never ALLOWED To "FLOAT" 

Ano thus the output u;ill 

never Rise AGOve I2.v. THE 
RANGE-CHANGE SLUITCH 

reduces th-e voltage To 5v. 

<o\f OR 9 VOLTS. 

"Jo PREVENT The OUTPUT fROMl 
Damaging the project SEing 
PoW£REO,TH€ Power, supply 
S\ iovj_0 JS>£ SwrrcHEO Off 
FETORS CHANGING THE VOLTAGE. 



27OR 


The voltage drop across the 
SooR Pot is fl^eys 5v. 

The current is const aw t w 
the cotmmow line yor any 

OUTPUT VOLTAGE. 

If 270 R PRODUCES A VOLTAGE 
PROP Of 7v WHEN THE Switch 
IS SET TO J 2 .v OUTPUT • A - 

The voltage across Kp* 

&.THE 270 R IN PARALLEL 
MUST SE IV. 

Resistance in common line 

To PRODUCE \V iS 

'/ 7 oF270fl = 38-6-0.. 

\Mlue or Rfl- 

X =i X + J- 

38-6 R ft 270. 

3S-6 - 270 Ra 
+270 

3B*6R fl +2S^a70 - 270 Ra 

38*270 = 232 R fl . 

Ra = 44-0. . 

use 47X 

VALUE Of Rfc • 

use 270R =154-0-. 

XI XX + X 
154 R 6 R70 • 

154 . » 270 Rb 

K&+270. 

=£> ^ — 358-0- 
use 330-0 OR 3yoX. 


if the Possieu-riv of A excess Voltage iuill damage THe project You 
are supplying,The next circuit is recommended. 
































"The BEST METHOD OF INCREASING THE OUTPUT VOLTAGE is viR A POT. 
•The 500ft POT & J22DR, RESISTOR, FORM R VOLTAGE DlViOEft NETWORK, 
&The output can be infinitely Roasted between 5 <5-16 Volts 
without THE OUTPUT RlSiMQ EXCESSIVELY AS IT IS VARIED, Up OftDoiJN. 

R Pontes can be rooeo ib the pot & a set of output voltages 

MARKED ON A SCALE . YOU WILL NEED 0 MULTlMETEft To CHECK- THE 
OUTPUT VOLTAGE WHEN CALIBRATING. 

*TRC ABOVE CIRCUIT HAS ONE MfUOR, (DRAWBACK* IT DOES NOT HAVE. 
0 nt Current Limiting FEATURE. THE 7S05 Will NOT SHUT DOWN 
WHEN THE OUTPUT IS 4 AMPS AS MOST OF THE CURRENT IS FLOWING 
IN THE Tip" TRANSISTOR,. 

On SHORT'circuit. THE maximum current will depend on the 

CAPABILITIES OFTHE POWgR, TRANSFORMER, And THIS Coulo BE AS 

High as 6 -/o amps, this excess current could damage the 
DiOOES OR TRanSiSTOR, So A current-Limiting Circuit should 





























































r Qz $ fl 

output current to 4-5 Amps,. „ . 

As The output current Rises, - /he voltaic across ths -/2J2. 
RESISTOR, TURNS Q2. ON AND AT flSoOT SAmPS THE VOLTAGE ACROSS 
TH£ •/ 2SL IS *€>V (V*IR . - 5**/R •* *6) 

•"This saturates W An5 Rosst^e Base orQi of any nR-r«ER, 

•Turn - ON VOLTAGE.. 110MEN §5 ^ATORATKS —TURNS ON FULLY — TWE 
VOlTAGE IT ALLOWS TO DEVELOP ACROSS ITS COLLECTOR AnO EMITTER, 
LfcflOS IS ONLY A&OOT *3V0LT&. TifllS IS T&0 LOW TO TURN ON <^i) 

-T&os TVE SERIES - PASS TRANSISTOR/ Will SETTLE AT A MAXIMUM 

current now or 4.-5 amps. 


t L 4 


USiKig 2 kJ3q55s 


-J.W. fter^lund. 3*20. 


fl 2.N3055 CAN 66 USED AS AN EMITTER, - FOLLOWER To PROOUCE 
A HIGH CURRENT SUPPLY. T|E&£ TRANSISTORS OW 6E PARALlEUL VP 
T) SUPPLY 5-10-15 OR, 00 AMPS 

2n3055 'TRaiJSistors are very cheap $ readily available.—That's why 
There ideal for heavt current supplies. 

3*£n3055 

fuse 

£- /N5404 
2 - mRUO 
2- liY%21 



VOLTA QE 

ft VARiims* 5AMP 
A 


■ 2.0 AMP SUPPLY 


Tie *22 R Resistors ARE EQUAL LENGTHS, of "jog SP'RAlJ' To balance 
THE CURRENT-SHARING /N THE 2N3055S. EACH 2N3055 WILL REQUIRE 
A HEAT SINK OF AREA /Ocm * IOCM. , N 

The transformer , Power diodes^ Filter electrolytic (C,J will 

HAVE TO se CHOSEN TO Suit THE VOLTAGE & CURRENT REQUIREMENTS . 
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THE USE Of 9 PHE-REGULATOR. 

IN SOME SITUATIONS A 7^05 WILL NOT DELIVER THE NORMAL I-AmP 

Current. thi-s, may com b as A ^Surprise / 

ft?TER PILL fl 7S05 IS CAPABLE OF SUPPLYING 1*5 AMPS AnO WILL 
LtMjiT THE FLOW IFTHE CURRENT TRIES TO EXCEED *THlS VALUE. 

SOTlFTHE VOLTAGE Su PPLlED To THE REGULATOR IS Too HIGH , *TH£ 
POWER, feEiNQ LOST |M THE REGULATOR U)lLL CflUSE IT TO Limit THE 
CURRENT. 

w this section ue will see how this occurs and OHAt is meant 

B>V| THE VOLTRGE BEING "Too HIGH. 

One of The main factors lohich limits the current capability 
of A Regulator is the wattage it is capable of Oissipating. 

^OIQ7%05 OR ANY OF THE V A SIC PACKAGE" REGULATORS IN THE TO 220 
package,The max wattage it can dissipate is Zo watts. 

If we take The case For a current flow of 1 -Amp,the maximum 
Voltage DROP across the regulator, is*; 




7805 


5v 


I BMP 


Ccons\oer The Regulator To be A Power resistor for these 
calculations] 

Power - Volts * Bmps 
-2 0 = V x 1 

V = ^ 

- 20 VOLTS . 

'This ewes the MBx/muM INPUT voltage of 50+5 [foa A 7805] 

= 55 Volts . 

it The input Voltage is above 25volts ,Tftt Regulator will 

BEGIN TO SHUT DOWN At LESS THAN 1 AMP fTftlS IS WELL BELOW THE 
-SHUT-DOWN OF 1*5 AMP AnoThiS Will occur solely because of 
The heat 6u»lo-upJ. 

By using a pre-Regulator we can use the 7805 on a Higher 

INPUT VOLTAGE And Still ACHIEVE THE REQUIRED OUTPUT CURRENT. 

"The ‘same power loss w/ll occur but it will Be Dwioed 
Between Z REGULATORS . 




















TftRE 

"TH? 


FOLLOW mVG- E 






















_L_ 

ry™ 






































n> 

j 





Sn/ 






5v 

/ 



























7805 





































' OID 










2 nnr 
































































































































>R 

E-( 

REGULATOR/ 



Regulator, 




















































The input 
TvIE OUTPUT 
is a yfti. 

VOLTAGE FOR this EXAMPLE 
OF THE l sr REGULATOR, IS 
5. AnO-THE 7005 SUPPLIES 

IS 
5v 
s 5 

30V. 

because The 


TGOi-ATOf 
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HE LOSS / 
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THE 

PRE -REGULATOR, 

LJ/LL 
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51 15 WATTS. 


"The loss in/-the 7S05 = 

= (i5~syi 

= 10 WAtts . 

Provided "The two regulators are insulated from ave another 
Ano aoequatelt v-ieat sinked The combined is+io watts can 
bE Dissipated while supplying The I-AmP load. 

However Tv* ere is A limit To this type of arrangement 

the maximum input voltage foR/ thistype of regulator, (in the 

7<tW SERIES) is S5 - L-0 VOLTS. 

If The Voltage is A6ck/e 4-5 Volts a transistor pre-regulator. 
Will SE NEEDED.'I HE following Circuit SHOWS How A 2 n3o55 
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flNEGflFTWE POWER, SUPPLY USlts/G fl 7905 IS £y.flC.TLY LIKE fl 
Positive supply Except the polarised components ARE reversed. 



A NEGflTWE SUPPLY. 


"TAe Power transformer, leads are not reversed as it is not a 
Polarised component (it does not have fixed, permanent, Positive. 

END fcUT ALTERNATES FROM ONE £nO (OR ONE LEAD) To THE OTHER,) . 

"fite circuit tor a negative supply usually accompanies a positive 
Supply &thus it is orawn as a mirror image of the posjtve supply. 



fl Simple dual supply 

£• 

The two oiodes in the output will cjome into operation if the 

+5v is CONNECTED To THE - 5v. OloDE 05 SHORTS THE NEGATIVE 
voltage to earth ano Oe shorts The positive voltage -to earth 
-THIS PREVENTS A reverse voltage from ENTERING- THE REGULATORS 
And oamaging Their Zener reference circuit. 

OSVIOOSLY IT IS NOT WISE To SHORT THE OUTPUT TERMINALS 

together as all diodes Are only rated at i amp. 
























































UflL TRACKING POWER, SUPPLY 

'ER supply hAvwg both positive & negative rails ca«v/ 

St OESIGNEO -To HAVE EITHER A FIXED VOLTAGE OP. AN ADJUSTABLE 

IF The VOLTAGE IS CAPABLE OF BEING ADJUSTED, It »S ESSENTIAL 
That the negatwe voltage be the same amplitude as the 
Positive . 

This IS essential. Fob. OP-AmPS. 74'S OR S'ifO's REQUIRE 
A split power supply in which the positive * negative Rails are 
as equal as Possible ,To each other. 

Th,s IS NECESSARY AS UHEi\/TH£ two inputs OF An OP-AmP 
ARE rtThe same Potential, The output Will BE OFF-SET BY AN 
Amount equal To The difference in rail voltages. 





+ve. 

The output will BE ZERO when 

“The positive & NEGATIVE RAILS ARE EQUAL. 


—ve 


Any op-amp with inputs shorted. 
iFThe positive raids IOv & the negative rail -?*5\/ the output 

Of THE OP-AMP WILL 6E Y°5v.THlS MAY NOT S£ CRITICAL IN SOME 
circuits however a suffer transistor in a common emitter 

CONFIGURATION WILL SE TuRNED ON AT THIS LEVEL. 

C)n OFF-SSI NULL IS AVAILABLE ON SOME 0P'T)mPS Yd COUNTER. 
THE EFFECT Of UNEQUAL POWER RAILS. 


short inputs 

-TOGETHER 



( 


+Ve 

Adjust iok. pot For, zero output. 


OPP-SET NULL ADJUSTMENT. 
-Ve_ 


US/NGTWE OFF-SET NULL. 


\OEALLY Tag POSITIVE Si NEGATIVE RAILS ‘SHOULD &E EXACTLY THE 
SAME GNT IN PRACTICE A DIFFERENCE OF ABOUT JOOmV TO 300 mV 

is To 6E expected. the off-set null Pins chiu &e connected 
together via A Pot To obtain a 2ERo output provided The 
-TWO INPUTS ARE SHORTED TOGETHER LDHILE ADJUSTMENT »S MADE . 
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GrENERPLLY fi TRACRinG POWER/ SUPPLY IS DESIGNED SO ThAT 

The Posrrwe Voltage is ADWISTAfcLE Sy the operator. AnOthis 
voltage is detected St a feedback, arrangement^) control. 
The negatwe rail.. 

WiFEn POWERiNG A CIRCUIT NEEQinJG DUAL VOLTAGES YOU Will. 
TinO THATMOST os; ThE CURRENT IS ORAwn FRqm -rflE Positive 
Rail AnQ only A FEW HunORED MilliAMPS iS ORAWN FROM THE 
N EG AT W E SUPPLY. 

This means a l- amp tramsformer, \dual supply will 6E 
operating well within >ts Limits — As the negative 
Section will Q,e ORAWINQ MiMimaL CURRENT. 

the sensing arrangement which controls The negative 

VOLTAGE CAM < 2 >E A SET OF TRANSISTORS OR An oP AMP 

'Got v\ Arrangements Will lit Discussed SECiNiv’.rvG with A 

TRANSISTOR OES'.Grvj. ' 

Firstly we will look at How A set of transistors can ire 
USED To AOOUST The Voltage OF A 3-TERMINAL regulator. 


•^■This Circuit 
is only for a 

description Q 


»t dors not 
Fully Function 



'nciLEHSE OUTPUT 

VoltHG£ . 


4 


Increasing the output voltage .withtransistors. 


The Circuit shows How the output voltage of A 7805 can 6E 
INCREASED &Y OSinc* a 2 TRANSISTOR. AMPuFiER .“This ISONL-Y a 
DEmQNStLATioN Circuit To OESc.(Cit2>£ Tvit oPERATtorU oF THE 
components .— it goes Hot fully Function. 

'TCansistoR Q, is an Emitter-Follower, &.-n*E emitter, is 
always -6v higher, turn the Sase. 

IR Pot is rotated in the direction showiV the ISASE 
Voltage DEGREASES & The Emitter Follows. Exactly this 
EMITTER VOLTAGE IS PASSED "To TRANSISTOR Q2. DH/CH IS 
C3NNECTEO As A Common Emitter AMPLIFIER. £ THE i^ASE 

voltage decreases, it is Turned off -slightly . the effective 
Resistance Eetween collector Remitter increases &THus THE 
Voltage on the "com ' 1 ■terminal. increases to give a higher, 

^j-rrjK>T voLTftQE . 
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1HETRACK/PG FERTURE 

'The OPERATION/ Of THE 3-TRANSISTOfl TRacK/NG CIRCUIT L/ES l*J THE. 
BiASINQOFQi. YOU CAN SEE, THAT "Tfc Voltage between Bose & 
Emitter* Of Q, /s -*/v + *5v * •6v,8<THis MEANS That Qi IS TURNED 
ON. - NOT HARO ON - <JVST BEGINNING To BE TURNED ON. 

Qi IS AN EMITTED FOLLOWEfR&THlS MEANS THE EMITTER/ IS ALWAYS 

•£w higher than the base. For example- if the base could be 
set AT 3v,THE Emitter would BE 3-6v. /f BASE was - 4-v THE 
emitter would BE-3-4v. The difference between base & Emitter, 
Will ALTER, ONLY VERY SL/GHTLY AND WE HAVE NEGLECTED IT At THE 
MOMENT. 

OCR FlRSF FACT To R/EMEMBER is: Qi IS not A VOLTAGE AMPLIFIER. IT i S 
A CURRENT amplifier, only A VeRY smflLL current Flows in the 
Base orcuit And Q, is able to adjust the emitter Voltage of 
Q 2 WHICH TDRES CONSIDERABLY more "effort'!OR current *TomoV£ 
its Emitter Higher or lower. 

wHen the emitter ofQ 2 /s increased or decreased, f BY only The f£W 
Millivolts OBTAINED FROM THE IK BALANCE POt') THE COLLECTOR 

voltage increases or decreases by a value ' 50-70 T/mes higher- 

IN AMPLITUOE As this is THE GA/NOf THETRHa/SISTOR. 

This voltage change is passed to the base of Q3 which further 
amplifies The voltage so that the effectwe resistance between 
The collector and emitter LEADS is REOuCED. A Voltage OWioejR 
IS MADE up between] THE 330R RESISTOR AND THE TRANSlSToP- 
Sothat the Voltage Wearing on -The Common terminal of 
The 7705 /S /NCREASED. 

The 7905 SENSES (OETECts'NThis voltage aho increases the 
NEGATIVE OUTPUT Voltage ACCORDINGLY. TT4/S INCREASE IS PASSED 
To the base of Q, viathe iok-zor voltage Dwioer and Forms 
A Feedback, loop "To stabilize the negative ra/l. this process 

IS CALLED TRACKING. 

WHyThe balance pot is so 'critical'' 


ADJUSTING THE BALAIVCE pQT (iRoR^KTRimA BY 
OHMS will SHIFT THE NEGATIVE 


Only 

A FEW HONORED OHMS 

VOLTAGE I or2Volts. THIS MiO Point is EyTREmely 
CRITICAL ANOTHE IOK RESISTORS SHOULO BE INTOLERANCE. 

By using a mini trim pot, 51 Resistors can Be 
OSEO. 

-The Reason why the mid point is so sensitive 
To Voltage fluctuations Lies inTHE Amplifying 
effect of TRANSISTORS A CHANGE in 

-The BASE Voltage oFQt By Iithu-wolt wia Alter, 

The output OF THE 7905 By I Volt. 

The combined GAin of Q j\Q: 

1000. 


Q) t \Qi WILL BE ABOUT 


















How*n?£ supply "tracks 1 ' 


WHEN THE POSITIVE VOLTAGE ISINCASED BY THE OPERATOR TuRNllVG 

•the soor "poltage pot' 1 ,"The Voltages At the mio Point of the two 

|OK RESISTORS WILL MOVE IN THE POSITIVE OlRECTi 0 N|. _ 

This will i/ncPerse The voltage on The Base OF Qi &< Since it is 

PN EMITTED FOLLOWER ,THE EMITTER WILL INCREASE BY AN EQUAL. 
AMOUNT. 

TfllS INCREASE WILL &E PASSED 10 Gb (vifl THE OlRECT EMITTED 
CjooPLingA AnOTHE EMITTER. OF Q* will BE FORCED To RlSE 
SLIGHTLY. 

'iHE BASE OF Qo DRAWS VERY LITTLE CURRENT THROUGH THE 9-10 
RESISTOR AnO IT CAM BE CONSIDERED To &E AT ZERO POTENTIAL/ 

"iHE VOLTAGE BETWEEN BASE AND EMITTER OF Q 2 WILL INCREASE 6Y 
An Amount squ a l To The Millivolts Pickeo opf TFie Voltage 
O lViOER NETWORK an 0 will SETuRNCD on slightly HARDER,. THIS 
WILL INCREASE THE CURRENT THROUGH THE LOWER, lOK RESISTOR, fiND 
-tToSTHE VOLTAGE DROP ACROSS THIS RESISTOR, Will. TURN ON Q3 . 

TRANSISTOR QiISA common EMITTER, with THE 330R AS ITS LOAD 
resistor. As Qj -tsrns on ha roe R,,the voltage drop Across the 

330 R INCREASES. 

"THE 7905 SENSES THIS voltage on its COMMON Terminal and 
produces an output which IS 5 volts HIGHER, ."The output of THE 
NEGATIVE RAIL IS FED BACICToTHE VOLTAGE DIVIOER, NETWORK, AnD 
• 'TenOS To Turn OFF Q|, SO That AN equilibrium IS ‘SET- UP in 
The transistor network, Ano Both output lines achieve the 

SAME AMPLITUDE. 


(Dthe Voltage at 
'This Point i\ 
detected S' 

The 7?05 


(5) THE 7905 ADOS 
5 V To THE 
Voltage at the 
"com"Terminal 



TuRMiNGON Q 3 will reduce 
the Voltage between 
Collector & emitter, 
thus The Voltage across 
the 330rwill increase. 


GREAT/NG A VOLTAGE 

drop across This 
Resistor will 
torn on Q 3 


HOW Qa, INCREASES THE -VE RA//L VOLTAGrE. 
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QUIZ 

Find out how much you have learnt. Answer these questions without 
referring to the notes. Then use the index on P 28 to look up the answers. 

1. What is the difference between conventional current and electron 

flow? 

2. The primary function of a power supply is to convert- 

to__ 

3. A power supply is Isolated from the mains via a-- 

4. The two windings of a simple transformer are called_ 

and_ 

5. A single-ended transformer has_ 

6. A transformer output is measured in VA. What is VA? 

7. A 6v winding and a 12v winding on a transformer can be paralleled 

together T/F? 

8. A 12v winding will have a higher resistance than a 6v winding. T/F? 

9. What does RMS mean? 

10. What wattage will/dissipated by a diode when passing 1 amp? 

11. What is bleed current? 

12. What will be the result if two transformers are connected out-of- 

phase? 

13. Name three types of filters. Which is best? 

14. How does a resistor and zener diode produce voltage regulation? 

16. What does a pre-regulator do? 

16. Draw a series-pass regulator circuit. 

17. Draw the outline of a 7805 and label the three leads. 

18. Can a 7805 take the place of a 7906? 

19. Draw a bridge rectifier and show the 4 diodes clearly. 

20. What will happen if the common terminal of a 7805 is left open? 

21. Why is it so dangerous to short the positive output to the negative 

output of a dual voltage power supply? 

22. How can a fixed voltage regulator such as a 7805 produce higher 

output voltages? 

23. What does TRACKING mean? 

24. What is means by a regulator dropping out of regulation? 
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